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A. I n t r o d u c t i o n  - 
The c u r r e n t  i n t e r e s t  i n  t h e  u s e  of  computers  i n  secondary  - 

b 

and i n  some i n s t a n c e s  e l e m e n t a r y  - s c h o o l s  s u g g e s t s  t h a t  we are . 

i n  t h e  m i d s t  of a f a s t  growing t e c h n o l o g i c a l  movement. 

I n c r e a s i n g  numbers of  peop le  i n  a l l  d i s c i p l i n e s  are f i n d i n g  i t  

n e c e s s a r y  t o  learn computer  programming. The growth has been s o  
* 

r a p i d  t h a t  t h e r e  h a s  been l i t t l e  t i m e  t o  c o n s i d e r  how b e s t  t o  
v 

implement and how b e s t  t o  t e a c h  t h i s  new technology.  

With the  rapid emergence of t h e  use  of computers  i n  o u r  

s o c i e t y  and the  i n c l u s i o n  of computer  i n s t r u c t i o n  i n  the 

e d u c a t i o n a l  c u r r i c u l u m ,  t h e r e  has come a b o u t  a need t o  e k t a b l i s h  

some r e l a t i o n s h i p  between t h e  t h e o r e t i c a l  and t h e  a p p l i e d  

a s p e c t s  of computer programming and t o  deve lop  a n  e f f ec t ive  

method f o r  *the t e a c h i n g  of t h i s  d i s c i p l i n e .  

?fany of t h e  c u r r e n t  e d u c a t i o n a l  methods t end  t o  l a c k  a f i r m  

p h i f o s o p h i c a i  or pedagoglcaf  basis. The f i e l d  o f  t e a c h i n g  of 

computer p rogra 'ming  i s  s o  new that the publ ished research i s  

relatively sparse,. 

% 
. \f 

One of t h e  s p ' e ~ i f i , c ~ ~ r o b l e m s  i s  t h a t  u n t i l  q u i t e  r e c e n t l y  

there  were almost as many programming styles as there  were 

programming languages. However, t h e  r e s e a r c h  carried out by EI 

W. D i j k s t r a  (1965, BIT 1968, ACti  1968, 1970) has shown that t h e  

development tines for  large systems can be s i g n i f i c a n t l y  reduced 

bv the  use of f f s t r u c t u r e d  programing". 



I, 

Early p r o g r a m e r s ,  by n e c e s s i t y ,  were r e c r u i t e d  frqm t h e  
- -- . * -  

scientific d i s c i p l i a e s ,  These p r o f p s s i o a a l s  lea& kow &--use "' 

L .  ;I&. 
s \ 

a cornput& ad& hy reading nl.nl.,l, fi- -t -- - - - 

- .' ' 
c o m p u t e  manufac turers  br by. G a & i n g  how t o  u se  a computer 

% d i r e c t l y  from a manugacturer ' s  represen ta t . ive .  As highly . 
a- 

trained p r o f e s s i o n a l s ,  these people looked upon programming a s  

someEhing t h a t  could be l ea rned  i n  one 's  spare t i m e  us ing  the 

t r a d i t i o n a l  methads t h a t  were s u c c e s s f u l  in t he  l e a r n i n g  and 

teaching'of scqence,  This a t t i t u d e  still e x i s t s  to"day and f o r  
< - 

this reason the method of teaching  progrAming i n  many l e a r n i n g .  
9'  = - 2  

i n s t i t u t i o n s  is La give thtl students little -re than a 

description o$ t h e  f e a t u r e s  of a p a r t i c u l a r  programming language - 
& t e l l  the  s t u d e n t s  t o  "get .on with  it". Up t o  now, they were 

\ 
L 

n o t  taught  s t r u c t u r e d  programming. 
- 

The f a c t  that camgu-ters are. being used i n  e v e r  i n c r e a s i n g  

numbers has c r e a t e d  a need' f a r  more t e a c h e r s  of compute; 
2 - A 

/ programming. However, i n  a survey canducted 'in 1977, 
, 0- 

Gopaulsiggh (1973) pointed  out, t h a t  t h e  s choo l s  i n  B r i t i s h  

: ~olumtf ia  have not  been a b l e  t o  meet t h i s  grovfng need. The 
C 

sho r t age  of coomput i n g  .sc ience t e a c h e r s  i s  even more a c u t e  today. 

One e f f - ec t ive  a l t e r n a t i v e  to"c1ass teaching  which can  
- 1  

u t i l i z e  st& @red ' p r eg raming  i s  s e l f  -directe&sistudy (Al l en ,  

1980). Materials a r e  developed .to a s s i s t  the s t u d e n t  in 
- -3 

grasping concepts  and .-implemelnting t h e s e  confepts  in t h e  form of 
- - 

r, 

p r a c t i c a l  e x e r c i s e s ,  t hus  d imin ish ing  the  need f o r  d i r e c t  

instruct ipn and su&rvis ion .  



One of t h e  g r e a t e s t  problems i n  i n t roduc ing  computer 

, p r o g r a m i n g  i n t o '  t h e  classrdom i s  t h a t  a t  p r e s e n t ,  mqst t e a c h e r s  
9 - > 

a 

do not have the e x p e r t i s e p  d e a l  w i t h  t h e  s u b j e c t  ( G o p & u l s h ~ h , '  E - - -  

7 ' k** 1977) .  Moreover some t e a c h e r s  f e e l  th rea tened  by a new rr 

B 

d i s c i p l i n e  they  do n o t  unders tand,  
*7 , 

Even when a , s i n g l e  a r e a  i n  computer s c i ence  such ,as 
* 

- 

- 
nprograuming i s  s i n g l e d  % u t  as the7 b a s i s  f o r  a computer cou r se ,  

the d e s i g n  and i m p l e & t t a t i o n  of t h e  course  can be ve ry  complex, 

because c e r t a i n  furrdamental ques t ions  must be answered, such as: 

9 
should t h e  computer.be i n  c o n t r o l  of t h e  s t u d e n t  o r  should t h e  

s t u d e n t  be in f u l l ' c o n t r o l  of t h e  computer? This  touches on '  t h e  
---A - 

prhblern of the,  way i n  uhich r i g i d i t y  would be b u i l t  i n t o  t he  
- 'e4 

. % -  i n s t r ~ c t i o n a l . * ~ r o ~ r a m  i f  t h e  computer were i n  contro14compared 

A & 

with  t h e  dec is ion-making  by t h e  d e n t  i n  t h e  more f l e x i b l e  

s tudent -cont ro l  s i t u a t t o d .  The l a t t e r '  approach 1s t h e  one which 

i s  emphasized i n  t h i s  t h e s i s .  



It seems t h a t  a  good se l f -d i rec ted  package i n  computer 

programming should include t h e  following f e a t u r e s  : 
J 

a. t h e  theory of l ea rn ing  

, . 
b. the '  theory of hornpu t s  programming 

c.  p r a c t i c e  and experience,  i.e., t h e  immediate a p p l i c a t i o n  
1 3  

of t h e  p r i n c i p l e s  learned.  . - 
1 

d. d i s t r i b u t e d  p r a c t i c e  

The aim of t h i s  t h e s i s  i s  t o  develop an approach t o  

teaching ind iv idua l s  t o  become competent computer programmers, 

using methods by which s tuden t s  can l e a r n  r e l a t i v e l y  
- -*' ' 

inde&ndently of a  classroom i n s t r u c t o r .  To be a c t e p t a b l e C t o  . 

t h e  u n i y e r s i t y  and t o  t h e  s tuden t s ,  such a se l f -d i rec ted  s tudy ' 

course  must have a sound t h e o r e t i c a l  b a s i s  i n  both t h e  theory of 

- learn ing and the  theory of computer programming; 

,Th i s  t h e s i s  w i l l  o u t l i n e  a  beginning programming course 

t h a t  i s  t h e  r e s u l t  of the  research  of ,educators working i n  t h e  

a rea  of learning theory and computer sc ience ,  a s  wel l  a s  of the  . 
cur ren t  r e sea rch  a f  t h e  author.  

. A >  

- ' * m  ' . -,. , 

> 
e 

+ .  + 
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B. Survey of t h e  L i t e r a t u r e  - -- 
A survey of t h e  r e s e a r c h  i n  computer s c i e n c e  educa t ion  and 

t each ing  methods shows t h a t  t h e r g  i s  a s c a r c i t y  of p e r t i n e n t  

m a t e r i a l  i n  t h i s  f i e l d .  There i.s cons ide rab le  s u b s i d i a r y  

in format ion  such a s  correspondence cou r ses  and a u d i o v i s u a l  

m a t e r i a l  f o r  people working i n  a r eah  o t h e r  than  t h e  l e a r n i n g  of 

computer sc ience .  Most of such m a t e r i a l  i s  i n  t h e  form of 

computer a s s i s t e d  in s t ruc t ion - (CAI)  and computer managed 

i n s t r u c t i o n  (CMI). Ma te r i a l  d e a l i n g  wi th  t h e  computer a s  t he  

s u b j e c t  of i n s t r u c t i o n  r a t h e r  thaq as t h e  mechanism of 

i n s t r u c t i o n  i s  spa r se .  

I. Ind iv idua l i zed  I n s t r u c t i o n  

It should be po in ted  ou t  here  t h a t  t h e  u l t i m a t e  g o a l  of 

this t h e s i s  i s  t o  d e v i s e  a  method by which s t u d e q t s  may s tudy  

and l e a r n  computer programming independent ly  of an i n s t r u c t o r .  

While t h e r e  i s  a s u b s t a n t i a l  amount of l i t e r a t u r e  on 

i n d i v i d u a l i z e d  i n s t r u c t i o n ,  i t  i s  t h e  a r e a  of independent s tudy  

and i t s  s u b s e t ,  s e l f - d i r e c t e d  s tudy ,  t h a t  r e l a t e s  most d i r e c t l y  

B t o  t h i s  t h e s i s .  
;' 7 

" I n d i v i d u a l  t;;d i n s t r u c t i o n  i s  no t  t he  same a s  
independent udy. To be s u r e ,  independent s tudy  i s  
often a p a r t  df i n d i v i d u a l i z e d  i n s t r u c t i o n .  But 
i n d i v i d u a l i z e d  i n s t r u c t i o n  i s  t h e  l a r g e r  idea .  It 
incl t tdes  indepe-ndent ~tu$y.~ fEsbensen, 1968). 



Independent s t u d y  can i t s e l f  be desc r ibed  a s  c o n s i s t i n g  of two 

major e lements :  i n d i v i d u a l  s tudy  - s tudy  by o n e s e l f ,  and 
1 

s e l f - d i r e c t e d  s t u d y  - s tudy  independent from a r e g u l a r l y  

s t r u c t u r e d  c u r r i c u l a  (Gibbons, 1 9 7 1 ) .  

I n  a  review conducted on i n d i v i d u a l i z e d  i n s t r u c t i o n  by 
".? 

" Q 
Barbara and ?farce1 Goldschmid (Goldschmid and~Goldschmid,  1972), 

S i 
I 

t h e  concepts 'of  t h e  a u d i o - t u t o r i a l  approach and modular 

i n s t r u c t i o n  were shown t o  be s u c c e s s f u l  t each ipg  i e t h o d s .  

In  t h e  a u d i o - t u t o r i a l  approach audio-tapes a r e  designed t o  

d i r e c t  t he  s t u d e n t  i n  va r ious  types  of  l e a r n i n g  a c t i v i t i e s .  It . < 

out t h a t  t h i s  method works w e l l  when supplemented 

work, r e a d i n g s ,  s l i d e s  and f i l m s  (Goldschmid, 

and Caldschmid, 1 9 7 2 ) .  

Modular i n s t r u c t i o n ,  ano the r  form of i n d i v i d u a l i z e d  

i n s t r u c t i o n ,  combines many of t h e  ,advantages  of o t h e r  

i n s t r u c t i o n a l  i nnova t ions  such a s  performance o j e c t i v e s ,  

s e l f  -pacing, and f r equen t  feedback. ~ o d u l e s  c o n s i s t  of  

se l f -conta ined  u n i t s  of planned l e a r n i n g  a c t i v i t i e s .  These 

a c t i v i t i e s  may be i n  t h e  form of read ing  tex tbooks  and a r t i c l e s ,  

of l i s t e n i n g  t o  audio- tapes ,  examining diagrams, e t c .  The 

advantages  of modular i n s t r u c t i o n  a r e  se l f -pac ing ,  being a b l e  t o  

f r e q u e n t l y  i d e n t i f y  skudent * s t r e n g t h s  and weaknesses, and t h e  

a b i l i t y  t o  e a s i l y  provide e x t r a  h e l p  f o r  weak s t u d e n t s  through 

t h e  des ign  of remedial  modules ( ~ o l d s c h m i d '  and Goldschmid, 
8 

1 9 7 2 ) .  



S e l f - i n s t r u c t i o n a l  m a t e r i a l s  a r e  & important  p a r t  of  a 

s e l f - d i r e c t e d  s tudy  course .  The types  of work m a t e r i a l  chosen 

depend l a r g e l y  on how f a r  t h i s  material i s  seen  t o  be r e p l a c i n g  

the  func t ion  of t h e  t eache r .  The most s t r u c t u r e d  p a t t e r n  of  

v m a t e r i a l  i s  t h a t  of programmed l e a r n i n g  where t h e  s t u d e n t  can 

p rog res s  i n , s m a l l  s t e p s  and each s t e p  i s  t e s t e d  immediately. In 

t h i s  way t h e  s t u d e n t  can ,  wi th  l i t t l e  o r  no o u t s i d e  a s s i s t a n c e ,  

keep t r a c k  of how w e l l  be (Davies ,  1980). 

/ 
11. Self-Pacing/Self-Directed Study - 

Tfte problem t h a t  our learning inSH. tu t ions  a r e  f a c e d  wi th  

19 no t  one of p rov id ing  more i n d i v i d u a l s  t o  t each  course&, b u t  

r a t h e r  of providing those  i e a c h e r s  wi th  a b e t t e r  background and 

teach-ing a i d s  so t h a t  t h e  f r u s t r a t i o n s  mentioned by Gopaulsingh 

(1977)  i n  t h e  fo l lowing  q u o t a t i o n  can be minimized. 

"As Lawler (1970) w n t e d ' o u t  , i n  nany s i t u a t i o n s  
i nnova t ions  have been in t roduced  i n t o  t h e  s choo l s  
wi thout  c a r e f u l  a n a l y s i s  of t he  app ropr i a t enes s  a 
s o p h i s € i c a t i o n  of t he  conten t  and m a t e r i a l s  f o r  t h e  
s t u d e n t  group. Often n o t  enough a t t q n t i o n  has  been 
g iven  t o  r e l a t i o n s h i p s  w i th  o t h e r  cou r ses  and t o  t he  
l e v e l  of development of t h e  i n d i v i d u a l  s tuden t s .  
Frequent ly ,  i n - se rv i ce  t eache r  p r e p a r a t i o n  has  been 
n e i t h e r  a p p r o p r i a t e  nor  adequate .  ' h e  r e s u l t  h a s  been 
t h a t  subsequent t o  t h e  i nnova t ions ,  f r u s t r a t i o n ,  
resentment  and f e e l i n g s  of inadequacy have surfaced." 

- 
- - 

A s e l f - d i r e c t e d  s t u d y  course  i n  computer programming prepared by 

p r o f e s s i o n a l s  could be very  h e l p f u l  i n  overcoming t h e  sxortage 

of t r a i n e d  i n s t r u c t ~ r s  of cuqkter pmgramfrrg. In acfditfon t o  

making s u r e  t h a t  t h e  s t u d e n t s  

d i s c i p l i n e ,  each s t u d e n t  has  

a r e  taught  t he  e s s e n t i a l s  of t h e  

t he  advanbage of i nd iv idua l i zed  



i n s t r u c t i o n .  S tuden t s  proceed a t  t h e i r  own speed and a t  t h e i r  

9 
i n d i v i d u a l  competency l e v e l .  A s t u d e n t  wh+is a l r e a d y  f a m i l i a r  

w i t h  a c e r t a i n  a s p e c t  o f  computer proganrmin& may skip over those  
- 

p a r t i c u l a r  i n s t r u c t i o n a l  t o p i c s .  No t ime i s  wasted on n e e d l e s s  

review of m a t e r i a l  a l r e a d y  l ea rned  (A l l en ,  1980). 
I 

A course  i n  i n t r o d u c t o r y  F o r t r a n  programming u s i n g  a  set of .. 

TV l e c t u r e s  was set  up on an  exper imenta l  b a s i s  a t  Texas A & M* 

U n i v e r s i t y  (Simmons, Ward and ~ h G r n ~ s o n ,  1974). Although t h i s  

course  was not  des igned  a s  a s e l f - d i r e c t e d  s t u d y  cou r se ,  t h e  

main conc lus ion  of t h e  exper iment  was t h a t  both s t u d e n t s  and 

i n s t r u c t o r s  were motivated toward des ign ing  t h e  l e n g t h  and 

frequency of c l a s s  meet ings  t o  meet wi th  t h e i r  p a r t i c u l a r  needs. 

It was v e r i f i e d  t h a t  when computer programming was t augh t  i n  

t h i s  manner a wide v a r i e t y  of t e ach ing  programs coulvd be 

implemented wi thout  adve r se ly  a f f e c t i n g  s t u d e n t  l e a r n i n g  o r  

s t u d e n t  i n t e r e s t .  - 

+ 

The K e l l e r  method of i n s t r u c t i o n  ( K e l l e r ,  -1968) i s  

c h a r a c t e r i z e d  by s e l f - d i r e c t e d  s tudy  wi th  a h igh  degree  of 

s t u d e n t  he lp  and d i s c u s s i o n .  =. 

"Self-pacing a l l ows  s t u d e n t s  t o  spend a  v a r i a b l e  amount 
of time on b a s i c  s k i l l - b u i l d i n g .  As  a r e s u l t ,  
well-prepared s t u d e n t s  can move ahead of t h e  c l a s s  and 
poor ly  prepared s t u d e n t s c a n  t a k e  t h e  t i m e  t o  'gear  up' 
be fo re  a t t emp t ing  d i f f i c u l t  problems. ... Emphasis on 
s t u d e n t  s e l f - h e l p  seems t o  Ee a  good way t o  b u i l d  
se l f -conf idence  ." (Young, 1974) 

The Ke l l e r , sy s t em of t e ach ing  ( K e l l e r ,  1968) emphasizes: 
*, 

1. t h e  go-at-your-own-pace f e a t u r e  which a l l ows  t h e  s tuden t  t o  

p l an  a  persona l  schedule ;  



- 
2.  t h e  use  of l e c t u r e s  and demons t ra t ions  a s  v e h i c l e s  of . . 

mot iva t ion  r a f i e r  t han  sou rces  of informat$on; 

3. t h e  use  of t u t o f i a l  assistants to rnalre frequent esesments 

and l e n d  a pe r sona l  a s p e c t  t o  t h e  e d u c a t i o n a l  p rocess .  

111. ~ u d i o - ~ u t o ~ i a l  Method - 

7n a t r e a t i s e  on t h e  a u d i o - t u t o r i a l  s y s  tern of i n s t r u c t i o n ,  

James Russe l l  d e s c r i b e s  t h e  a d v a n t a g e ~ ~ o f  t h e  u se  of t h i s  

- 
system : 

" Ind iv idua l  s t u d e n t s  respond d i f f e r e n t l y  t o  v a r i o u s  
l e a r n i n g  a c t i v i  ti-e3, media, and r a t e s  -of l e a r n i n g .  The 
a u d i o - t u t o r i a l  system provides  a mu l t i - f ace t ed ,  , 

multi-media approach t o  l e a r n i n g  which i s  under t h e  
4 

c o n t r o l  o f  t h e  s tuden t .  It u k i l i z e s  a n  audio  t a p e  t o  
t u t o r  t he  s t u d e n t  t h rough  t h e  i a s t r u c t i o n a l  a c t i v i t i e s  
and media u n t i l  he,had mastered t h e  o b j e c t  o f  t h e  
lesson. .  . 

During a t y p i c a l .  g e s s i o n ,  t h e  s t u d e n t  i s  a c t i v e l y  
invoived i n  l e a r n i n g  a't his gwn pace. He  l i s t e n s ,  . 
reads ,  writes, manipula tes  l e a r n i n g  m a t e r i a l s ,  makes 
obse rva t ions ,  and p e r f o m s  experiments." ( R u s s e l l ,  

v - 1978) 

In  l o o k i n g - a t  t h e  q u e s t i o n  of achievement,  R u s s e l l  quo te s  t h e  

s t u d i e s  conducted by F i s h e r  .and MacWhinney (1976) which found 

the  ' aud io - tu to r i a l  *system t o  be f a r  s u p e r i o r  t o  bconvent iona l  - 

methods of t e ach ing .  

The a u d i o - t u t o r i a l  method developed by Stephen tower a t  
-- 

3 .  - .  

~ i a b n  F r a s e r  Un ive r s i t y  has been v e r y  suce;sful ' i n  the , teaching 
r -- '4 

, . - i 
of undergraduate  chemis t ry  cou r se s  (Lower, 1981). Th i s  method , 

combines audio  t a p e s  w i th  p r i n t e d  m a t e r i a l  t o  ach i eve  a more 

e f f i c i e n t  p r e s e n t a t i o n  t han  e i t h e r  medium could  accomplish when 



- 

used s e p a r a t e l y .  Accorping t o  Lover t h e  a u d i o - t u t o r i a l  o f f e r s :  
* 

J ' .k 

1. self -pacing:  s t u d e n t s  can s t o p  and ' rep lay- ' the  tape-wherever  

2. l n t e r a  i o n  o f  v i s u a l  and a u r a l  i n p u t s  which may have I s i g n i f  a n t  e f f e c t s  on l e a r n i n g  and r e t e n t i o n ;  

3.  t h e  spoken language wi th  i t s  elements  of pace,  i n t o n a t i o n  

and pauses.  

An i n t e r e s t i n g  s tudy  w a s  done on how gradua te  s t u d e n t  

performance and a t t i t u d e s  were a f f e c t e d  by t h e  use lo f  audio  
< ,  

t apes  as a medium f o r  l e a r n i n g  (Bar r inger  a n d ~ h k i r o g l u ,  1978). 

This  n e w  approach was inrrodueed in order td kelp over- the 
- 

d i f f i c u l t i e s  i n  master ing t h e  m a t e r i a l  of a very  i n t e n s i v e  
L .  

ope ra t ions  r e s e a r c h  cou r se  t h a t  was being ~ f f e r e d  t o  MBA 

s tuden t s .  I n  t h i s  s tudy  two groups i n  two d i f f e r e n t  geograph ic  
+ 

* -  

&ocat ionsL"were s e l e c t e d .  In  o r d e r  n o t  t o  p re jud ice  t h e  r e s u l t s  
7 a * 
I!%%& same s y l l a b u s  and examinat ions  were used by both groups. - ' 

GMAT [Graduate Mangement ~ d m i s s w n  T e s t )  s c o r e s  were used + 

t o  ensu re  t h a t  t h e  two s t u d e n t  groups were drawn from t h e  same 
e 

populat ion.  The mid-term and f i n a l  examination s c o r e s  of t h e  - 

course  provided ' t h e  measures  of .performance . for  group 

comparisons. 

The format of  t h i s  new. approach t o  teaching  t h e  cou r se  
1 

.- 

involved supplementing a set of audio tapes Yith carrespading - 

, 
condensed p r i n t e d  d i scuss ions ,  o r  l e c t u r e  M--,- &A&-ts--------- 

-. 
could fo l low on a step-by-step b a s i s  t o  cover  t h e c e s s e n t i a l s A o f  

3 , . 
t h e  course .  I n  t h i s  way t h e  students w e r e  able to improve t h e i r  , 

% 



p r i o r  t o  c l a s s  meeting;. 
Q 

The experiment  i n  aud io  taped l e c t u r e s  involved  using two 
" I 

" s 

f i r s t  h a l f  of t h e  - cou r se  whi le  
I - 

t h e  s e e ~ n d  graup used the '  t a p e s  

f o r  t h e  second h a l f  of t h e  course .  The same examinat ions  were 
--* 

adminis te red  t o  both groups i n .  o r d e r  t o  ,eliminate. v a r i a t i o n s  due * 
% 

- 

t o  d i f f e r e n t  examinat ions  and d i f f e r e n t  s u b j e c t  material when 5 

. . 
ana lyz ing  s tuden t  performance wi th  and wi thout  t apes .  

- Conclusions of  t h i s  s tudy  w e r e  as fol lows:  
* 

4 

1. The aodio  t a p e s  seemed t o  be more u s e f u l  t o  t hose  s t u d e n t s  

who were s t r u g g l i n g  wf th the naterial than t60se & were 
h 

B 

d abl; t o  mas te r  t h e  m a t e r i a l  easily. However, bo th  types  

were shown t o  be helped by the t a p e s ,  

2, The t a p e s  seemed t o  improve exam s c o r e s  f o r  t hose  s t u d e n t s  

who used them and t h e  improvement seemed d i r e c t l y  

p r o p o r t i o n a l  to: the *amount of use.  

' 3 .  The s t u d e n t s  showed a v e r y  f avourab le  a t t i t u d e  to.ward t h e  

a v a i l a b i l i t y  .of t h e  tapes and recommended then  t o  o t h e r  
f 

s t u d e n t s .  
1 

4 .  Barr inger  and Bekiroglu f e e l s t h a t  t h e s e  r e s u l t s  can be 

ob ta ined  i n  any cour se  by us lng  l e a r n i n g  modules w i t h  aud3o 
I 

t apes .  The f a e t o r s  that seem t o  be a t  work he re  a r e :  
. 

a. Audio t a p e s  seem t o  encourage s t u d e n t s  to spend- - --- - - 
- 

% mk i n  p repa r ing  f o r  t o p i c s  and o f f e r  an a l t e r n a t i v e  t o  - 

i 1 
t h e  s t u d e n t  who ip."bogged down" i n  p@ t e  t book. 



b .' The " a l t e r n a t i v e  approach" w a s  ,usually r e l a t e d  t o  the  

way t h e  i n s t r u c t o r  viewed the  subject and thus  helped 
4 .  

f e l t  were important. 
. * 

, c. Students apdrec ia te  ah instrut5to; who makes a s p e c i d  .-+ 

," 
e f f o r t  t o  improve the  q u a l i t y  of t h e  course. a -  

& 

A \ 

I V .  Concept Development - 
I 

As computer sc-ience has  dev oped, a c e r t a i n  number of 
- - a, 

: ideas  have come to 'be  reco&i.zed i n  the  f i e l d  of 
- 

- - 
-- - - 

(Paper t ,  1979). Among these  ideas  is the  concept of the  

modularity of pure procedureSand the concept of "top-down, - 
, < s t ruc tu red  programming". 

I 

I 

"We have found i t  incor rec t  & t o  assume t h a t  beginning 
programing s tuden t s  a r e  unable t o  handle 'highef l e v e l '  

. *  concbpts. We have found if botbgreasonable and . 
worthwhile t o  present  t h e  t o p i c s  of algori thm 
development, s tepwise refinement , recurs ion ,  and topdown 
modular programing along with d e t a i l s  of a p a r t i c u l a r  
language." (Schneider, Weingart and Pqrlman, 1978) + 

Current educat ion p r a c t i  es involve using,  'manipulatives' , /" I 

such a s  coins ,  s t i c k s  o r  blocks t o  make procedures more 
v 

qoncrete.  I n  the  f i e l d  of computer programming Tan ua es, k~ 
I 

Duhulay  bnd h i s  col leagues  (DuEouldy & 0'~hea, '1976;  DuMulay, 

0' Shea h Monk, 1980) used 'mnlpu la t ives '  t o  pror ide  a &yxcte 
s P :: - - - - - - - -- 

model f o r  teaching LOGO t o  e ~ i l d r e n .  The results of tests and 
V 

model, and o the r  methods of teaching,  show that t h e r e - f s  c l e a r  
F 

and c o n s i s t e n t  evidence that a concrete  model can have a s t rong  . * 



effect on the encoding and use of new technical information by 
' 

* - .  w - 

novices (Mayer, 1981). 

In an earlier baper Mar& a s k s  Y ~ M  k-c +s-aeqtti~& -- 

by.a novice learning BASIC programming, and how can this 

knowledge be more efficiently acquired. *In answering these 
I 

questions, Mayer suggests that students will be able to learn 
? 

m o P c  easily and more efficiently if they .develop three basic 
' * 

skills that are not obvious either in instruction or in 

traditional perforriarice, namely: 

1. the ability to analyze each programming statement into a . 

1 

type of pre-statement. A prratatemenf &- a set ef , 

"transac tioos" corresponding to a line of code ; 

2. "che ability to enumerate the transactions involved for each 
* 

pre-statment (A transaction is an event that occurs in the 
B 

e 

coinputer and involves some operation at some storage 

location.) ; 

3. the ability to "chunk" prestatenents into general clusters 

- or cohf igurations. 8 

The paper shows through the results of extended psychological 

testing of students how the use of this method of teaching 

enhances student performance (Mayer 1979) 

It would se& from Player's results that by simply teaching 
= 

the syntax of a programing-Language and the llep f o u s r - t h e  -- - - 

- 

0 

syntax, ultimately produces very poor progrmmers. In other 
--- -- 

words, it seems that the level of student pcrforaance is 

directly related to how mwh s e t u d e n t u n d e r W s  a k a  the 



programing $anguage, a n d h ~ ~ s u c h  the  s tudent  understands about - - ---- 
, 

t h e  computer. i t s e l f ,  

St-tuxed p r a g r e k a  term--- - - -  
- - 

times i n  t h e  software literature. Although the exac t  seanf-ng of 
L %  

what s t ruc tu red  progranrning i e  v a r i e s  from author  t o  author ,  a - - 

44 
- ,  
*- . 

,"A 

t y p i c a l  d e f i n i t i o n  is: "Structured programming is a manner of 
3 

organizing and coding programs that makes t h e  program e a s i l y  

r e l i a b l e ,  we should reduce the  complexity of the  programs t h a t  

understood and modifiedvL (Donaldson,'1973), It is  genera l ly  

agreed t h a t  uns t ruc tured  programming is i n e f f i c i e n t  and prone t o  

e r r o r s  simply because unstructured design is  unpredictable.  Oqe 

d 

programing. In o t h e r  words ,. i f  s o f b a r e  is t o  become more 

are being w r i t t e n ,  - One way of achieving t h i s  is t o  reduce l a r g e  

problems t o  smal le r ,  more e a s i l y  manageable sub-problems. Some 

of the  bengf i t s  of t h i s  reduct ion i n  complexity a r e  fewer 
a 

t e s t i n g  problems, i r i c rea~ed~prograamer  product iv i ty ,  and 
f 

improved pro&am c l a r i t y ,  ma in ta inab i l i ty ,  and 

(Jensen, 1981). 

r-.-1 
Most educators  agree  t h a t  t o  be most e f f e c t i v e ,  t r a i n i n g  

should include theory,  dcraonstration, p rac t i ce ,  feedback, and 

classroom appl ica t ion .  Learning outcomes can be c l a s s i f i e d  as: 

awareness, t h e  acquisition o f  concepts ~r ~rgaair;eh- 

the l ea rn ing  of p r i n c i p l e s  and u. a d  

those pr inc ip3es  and skills i n  problem solv ing a c t i v i t i e s .  

These c l a s s i f i u t i c t a s  apply equally m$l.l to- the t e l cb ing  of 



coatput& programihg,  
G 

15 someone at tempting "computer programmhg for t h e  f i p t  
/ 

th; has a1re.d~ acquired - a syst-tfc,_vslL-di&~ipllaea, - 

approsch t o  problem 

j u s t  t-eans learning 

used, However, few 

& o b l n  solv ing and 

more ?%portant  than 

a p a l p s i s ,  l ea rn ing  t o  program a caputer 
t 

t h e  syptsx  of the programming language t o  be 

s tuden t s  have thf s prerequf s f  te t r a i n i n g  i n  

i t  is  t h i s  t r a i n i n g  and knowledge t h a t  i s  

leaking t h e  na tu re  and syntax of a 

prbgrmming language. Whether a stude';lt i n  a progrmking course 

is learning programming a s  p a r t  of another  course,  o r  is' 
- 

progressing independently,  t h e r e  a r e  s e v e r a l  painta that can be 

i d e n t i f i e d  as "what not' t o  dof'. , Some teachers ,  usua l ly  sc ience  

t eashers ,  tend t o  take  a "g t i c a l "  approach, t h e  l o g i c a l  

step-by-step expos i t ion  e grammar of the  computer language. 

This .way of teaching d i f f e r s  from a pedagogical approach by 

which s tuden t s  f i r s t  l e a r n  t o  use the  language quickly (Bork 

1981). , A 
,' 

L ' 
"In the  l o g i c a l  approach, s tuden t s  take a long time t o  
g e t  t o  t h e  point  whese they can w r i t e  programs, and they - 
do not  ga in  much f e e l  f o r  the  a r t  of '  programming, 
because they spend so  much of t h e i r  tiu&,an the  r u l e s  of 
grammar" (Bork, 1981) 

Bork po in t s  out  t h a t  a t  one t i m e  t h i s  s t r a t e g y  was widely used 

i n  the teaching of foreign languages but has s ince  been 

d i s c r e d i t e d ,  

Bork a l s o  p i n k s  ou t  i t  is a f a l l a c y  t o  be l i eve  t h a t  a . 
- _ - -  -_ --- -- -- -- 

s tudent  must l e a r n  all about a programming language and must - 
l e a r n  the  f u l l  language, It taaportant only f a r  a student t o  - 



abso rb  the  p r i n c i p l e s  o f  p rog raxu ingand  it is n o t  neces sa ry  t o  
/' 

be completely  familiar u i t h  a d  t h e  f s c i l i t t e s  that a 
1 

programming language has to offer, ~p B -seer 6 - t  hag 

been demonstrated t h a t  a @=ah1 s u b s e t  of a p a r t i c u l a r  

programming language is u s u a l l y  more than s u f f i c i e n t  f o r  t h e  
C 

6 

beginning s t u d e n t ' s  needs.  

V. Specif  2ed Ob jec t ives  - 

An e x p e r i m p t  a t  t h e  U n i v e r i t y  of Delaware us ing  videotaped 

i n s t r u c t i o n  showed r e s u l t s  s i m i l a r  t o  t h e  exper imenta l  c o u r s e  a t  
C 

Texas A & M (Simmons, Ward and Thompson, 1974). Here t h e  

emphasis was on opening and c l o s i n g  each  s e s s i o n  w i t h  t h e  

behaviora l  o b j e c t i v e s  of t h e  lesson .  Every s ta tement  o r  concept 

d e f i n i t i o n  was supported wi th  ~ e r t h e n t  examples and r e i n • ’  orced 

w i t h  b u i l t - i n  qu izzes  (Hartman and Caroly,  1971). 

Although t h e r e  a r e  many methods documented i n  t h e  

l i t e r a t u r e  f o r  t he  des ign  and development.of i n s t r u c t i o n a l  

m a t e r i a l s  (Langdon, 11978; Davies,  1980; G o l d s c h i d  and 
C 

~ o l d s c & d ,  1972; Russe l l ,  1978; and Drumheller, l 9 7 l ) ,  t h e  

"Systems Approach Hodel" (Dick and Carey, 1978) seemed to r e l a t e  

- b e s t  t o  t h e  autho.'s view on how to approach tle des ign  02 z- 
- - 

self-directed s t u d y  course i n  computer p ro  i n g  . 
The "Systems Approach Model" u s e s  a complete s t ruc tu red . .  

a l g o r i t h m i c  type of approach t o  t h e  des ign  o f h  curriculmn.-~~The' '  

model i nvo lves  a t t a c k i n g  t h e  problem of design and 
I 



I 

impleuten t a  t i o n  by f p l l  

1 .  Identify- A - k- e i n  

/ 

'k 
srodent  should be a b l e  t o  do a t  the  completion of t h e  - 
i n s t r u c t i o n  p e r i o d . . '  

/ ' d  $ ,  1 
'- 2 + Ccnduc tinp, an i n s t r u c t i o n a l  ana lys i s .  

) 
- '. 

I 

i k -, 
C s .  

Here the i n s t r  c t o r  must i d e n t i f y  the  subordinate '  s k i l l s  7= 
). 

' . t h a t  d s tuden t  must maste? i n  o rde r  t o  achieve the  above 

goal .  In  o the r  words the  concebt of a goal  must be 

" s t r u c t u r a l l y  broke? down i n t o  e a s i e r  managable p a r t s  9 
Y 

modules . 
Ident i fy ing  e n t r y  behaviors and c h a r a c t e r i s t i c s . .  . - 

l. I n  t h i s  s t e p ' t h e  p re requ i s i& s k i l l s  of the  s tudent  must be 
, 

.. 

1 

- 
" i d e n t i f i e d .  This process of i d e n t i f i c a t i o n  should include C I 

the cons idera t ion  of the genera l  maturat ion background and 
B 

-,- 

e d u c a ~ i o n a l  background of ehe s tudents .  d 

, 4 .~Wri t ingper fo r rmance  ob jec t ives .  

I 7'- 

Based ofr  the  i d s t r u c  t i o n a l  analy'sis and t h e  assessment? of 
e - - 
--4 enr ry  behaviors and c h a r a c t e r i s  t i c s ,  the  perrormance 

'.. 

expecta t ions ,  t h a t  ' i s ,  what i t  i s  t h e  s tuden t s  w i l l  be s I 

t o  do a t  the completion of  each separa te  module should 
- --'--.- 

determined , . 
5 .  Developing cr i ter ion.-referenced t e s t s .  - 

- Heke, assessment instruments  m&t be developed ta measure 

how well! the  s tuden t s  have achieved whayaaa d ~ s c r i b e d  i n  - 

the  objec t ives .  



B 

Developing an  i n s t r k t i o n a l  s t r a t egy .  - 
0 

Based on t h e  f i v e  preceding s t e p s ,  a s t r a t e g y  must be - 
L -'%I 

e 

4 
developed i n  w h i h  t h e  i n s t r u c t i o n a l  model w 5 l l  be used to - - +f-zh - -- , 

.a 

2 
reach t h e  u l t ima te  objec t ive .  This s t ra tegy,should  inc lude  ' 

pre ins t r t f c t iona l  a c t i v i t i e s ,  p resen ta t ion  of information,  
v 

p r a c t i c e  and feedback, t e s t i n g ,  and follow-through 
\ 

a c t i v i t i e s .  

Developing - and s e l e c t i n g  i n s t r u c t i o n .  

In t h i s  s t e p  t h e  i n s t r u c t i o n a l  s t r a t e g y  i s  used t o  produce .. 

the  i n s t ~ c t i o n a l  module whlch w i l l  include a l l  t h e  

necessary i n s t r u c t i o n a l  mater ia ls .  4 c +  

Designing and cons t ruc t ing  the  formative evaluat ion.  - - 
'A s e r i e s  of eva lua t ions  should be conducted on t h e  completed 

module t o  determine how e f f e c t i v e l y  t h e  module works and t o  
6 

i d e n t i f y  a t e a s  where improve.ment is needed. 
v 

Revising i n s t r u c t i o n .  

In t h i s  f i n a l  s t e p ,  da ta  + r e  summarized from var ious  
*,. 

evaluat ions ,  t h e .  weak a r e a s  a r e  re-examined , and the  

i n s t r u c t i o n  s t r a t e g y  i s  revised i n  ~ r d e r  t o  make i t  a more 

e f f e c t i v e  t o o l  (Dick and Carey, 1978). 

I : .  



ii 

C. The Design of t h e  Self-Directed Programming Course - -  -- 
The i n t r o d u c t o r y  programming course  a t  Simon F r a s e r  

U n i v e r s i t y  (CMPT 103) i s  a  "semi-sel f -directed"  s t u d y  course .  

Although a  c e r t a i n  f l e x i b i l i t y  i n  work schedul ing  i s  p o s s i b l e ,  

i t  i s  no t  a  se l f -paced course .  There a r e ' s p ' e c i f i c  due date.s  f o r  

ass ignments ,  examina t ions  and t h e  term p r o j e c t .  
e 
3 

The t each ing  format  o f  t h e  CMPT 103 course  is t h a t  of one 

P 
l e c t u r e ,  and one t u t o r i a l  s e s s i o n  pe r  week. There a r e  a l s o  

twenty-seven hours  of "open lab"  pe r  week where t u t o r i a l  

a s s i s t a n t s  a r e  a v a i l a b l e  t o  answer s t u d e n t  q u e s t i o n s  on a - 
pe r sona l  b a s i s .  * - 

-. The t h i r t e e n  week course  i n c l u d e s  10 ass ignments ,  a  f i n a l  

p r o j e c t ,  two midterm examinat ions  and one f i n a l  examination.  

The s e l f - d i r e c t e d  s t u d y  a s p e c t  of t h e  CMPT 103 course  has  
? 

shown $ t s e l f  t o  be s u c c e s s f b l  a s  a  t e ach ing  s r a t e g y  f o r  t h i s  5 B 

type  of course  bu t  t h e  t ime frame i n  which t h e  cou r se  must be 

completed,  does no t  a l l o w  f o r  se l f -pacing.  A s  a  r e s u l t ,  i t  i s  

neces sa ry  t o  have p r o f e s s i o n a l  a s s i s t a n c e  a v a i l a b l e  throughout  

* t h e  course  i n  o r d e r  t o  h e l p  a l l  s t u d e n t s  meet assignment 
1 

d e a d l l n e s .  It i s  t h e  a u t h o r ' s  op in ion  t h a t  a  s i m i l a r  course  

w i th  audio-taped l e c t u r e s  and a . s e l f - p a c i n g  format  would - 
a l l e v i a t e  t h e  need f o r  much of t h e  s t a f f i n g  c u r r e n t l y  a l l o c a t e d  

t o  t h i s  course ,  il 

The survey of t h e  l i t e r a t u r e  showed t h a t  s e l f - d i r e c t e d  

s tudy  and methods of s tudy  t h a t  inc luded  t h e  use  of audio-taped - 



i n s t r u c t i o n  can be implemented and used s u c e s s f u l l y .  In t h e  

a r e a  of computer programming, t h e  combination of audio  and 

p r i n t e d  m a t e r i a l  seemed t h e  b e s t  choice.  Although a t  f i r s t  

video-tape l e c t u r e s  s e h e d  a t t r a c t i v e ,  i t  soon became apparen t  

t h a t  t h i s  method might r e q u i r e  s t u d e n t s  t o  t r y  t o  concen t r a t e  on 

two v i s u a l  d i s p l a y s  s imul taneous ly  - t h e  video-tape monitor  and 

t h e  computer t e rmina l .  For t h i s  reason  i t  seemed b e s t  t o  omit 

t h e  use of a v ideo  component f o r  i n s t r u c t i o n a l  purposes and t o  

concen t r a t e  on t h e  audio  m a t e r i a l .  

The shor tage  of  t e c h n i c a l l y  t r a i n e d  personnel  t o  t each  

computer programming i n  s choo l s ,  c o l l e g e s  and u n i v e r s i t i e s  

(Gopaulsingh, '1977) p o i n t s  t o  t h e  n e c e s s i t y  f o r  a s e l f - d i r e c t e d  

s tudy  course .  A s e l f - d i r e c t e d  s tudy  course  wi th  l e c t u r e s  

prepared and taped by a p r o f e s s i o n a l  i n s t r u c t o r  of computer 

s c i ence  can l end  t h e  e x p e r t i s e  necessary  t o  t each  computer 

programming wi thou t  t h e  t eache r  i n  charge of t h e  course  being 
e 

r equ i r ed  t o  have a h igh  l e v e l  of t e c h n i c a l  t r a i n i n g .  

A s e l f - d i r e c t e d  s tudy  course  might a l s o  make i t  p o s s i b l e  

f o r  i n d i v i d u a l s  who had been "playing around with" home 

computers t o  channel  t h e i r  i n t e r e s t s  i n t o  a more d i r e c t e d  and 

d i s c i p l i n e d  use of the  machines. 

F a m i l i a r i t y  w i t h  computers i n  t h e  home s i t u a t i o n  could then  

be augmented Wj a consc ious  p u r s u i t  of an unders tanding  of what 

was prev ious ly  on ly  an i n t u i t i v e  o r  a t r i a l -and-er ror  procedure.  

A s e l f - d i r e c t e d  s tudy  course  a l l ows  s t u d e n t s  t o  proceed a t  

t h e i r  own pace and a t  t h e i r  own competency l e v e l .  s t u d e n t s  and 



i n s t r u c t o r s  a l i k e  were found t o  be more motivated by t h i s  type  

of l e a r n i n g  as i t  a l l ows  g r e a t e r  f l e x i b i l i t y  i n  t h e i r  schedules \  , 

(Simmons, Ward and Thompson, 1974); a l s o  the teaching of the 

c o q s e " i s  more n a t u r a l  a s  t h e  i n s t r u c t o r  is n o t  i n  t h e  c o n t r i v e d  . *- *z 

- * .  
p o s i t i o n  of having t o  ' f i l l  i n '  a f u l l  t e ach ing  per iod .  The 

p a r t i c u l a r  computing language t o  be taught  does  no t  a f f e c t  t h e  

way i n  which t h e  c o u r s e - i s  de,signed. Adaptat ion of t h e  course  

t o  t h e  v a r i o u s  o t h e r  computer languages may be somewhat time 

consuming bu t  i s  e s s e n t i a l l y  a s t r a igh t - fo rward  e x e r c i s e .  

I. Choice of Method - - 
An experiment a t  t h e  Un ive r s i t y  of Delaware (Hartman and 

Caroly,  1971) showed t h e  importance of s t a t i n g  behav io ra l  

o b j e c t i v e s  and provid ing  p l e n t y  of p e r t i n e n t  examples and 

e x e r c i s e s  t o  r e i n f o r c e  t h e  l e a r n i n g  process .  All t h r e e  concepts  
/- .- 

were i nco rpo ra t ed  i n t o  t h e  combination of aud io  t a p e s  and s tudy  

'* 
guide.  

5 
Fh 

The use  of t u t o r i a l  s e s s i o n s  i s  recommended as  t h i s ' l e n d s  a  
i 

pe r sona l  a s p e c t  t o  t h e  cou r se  ( K e l l e r ,  1968). In keeping wi th  

K e l l e r ' s  philosophy',  t h e  audio  t a p e s  were designed a s  v e h i c l e s  

f o r  mot iva t ion  r a t h e r  t han  merely as sou rces  of in format ion .  
e 

Audio methods were chosen over  audio-v isua l  t e chn iques ;  i n  

many of t h e  p r e s e n t a t i o n s  t h e  s t u d e n t  would be i n t e r a c t i n g  w i t h  
' 

a computer t e rmina l  and t h e  i n t r o d u c t i o n  of a  second v i s u a l  a i d  

would on ly  d i s t r a c t  t h e  s t u d e n t  from t h e  c l o s e  obse rva t ion  of  
, /' 

- t h e  computer t e rmina l .  



Modern methods of " top -dop  s t r u c t u r e d "  p r o g r a m i n g  a r e  

used throughout  t h e  course .  Although PASCAL is used a s  t h e  

programming medium, problem s o l v i n g  and a l g n r i t h m  design are the 

main emphases of  t h e  course .  
. . 

11. Development o f  t h e  Course C r i t e r i a  - -- 
A s  computing cou r se s  a t t r a c t  more and more s t u d e n t s ,  t h e  

J 

d i v e r s i t y  of backgrounds of those  s t u d e n t s  i n c r e a s e s .  With t h i s  

d i v e r s i t y  and w i t h  t h e  range of i n fo rma t ion  i n  computing s c i e n c e  

i n  mind, every p o s s i b l e  he lp  should be made a v a i l a b l e  t o  t h e  

s t u d e n t s  and t h e i r  i n s t r u c t o r s .  

Although t h e  b a s i c  p r i n c i p l e s  of p r o g r a m i n g  can  be t augh t ,  

t he  o n l y w a y  t o  l e a r n  programming i s  by doing,  and do ing  imp l i e s  

a  cons ide rab l e  amount of s e l f - d i r e c t e d  s tudy .  

The "Systems Approach ~ o d e l "  (Dick and Carey, 1978) was 

used a s  the  model f o r  t h e  des ign  of t he  course  i n s t r u c t i o n .  

This  i n s t r u c t i o n  i s  implemented on t h e  b a s i s  of t h e  f o l l o w i  P- 
c r i t e r i a :  

1. A t  t h e  end of t h e  course  t h e  s t u d e n t  should b e  a b l e  t o  

d e f i n e  a p r o g r a m i n g  problem and produce a  s u i t a b l e  computer 7 ;  

programmed s o l u t i o n .  This  program should u se  t h e  s t r u c t u r e d  

programmdng techniques  t augh t  f n  t h e  course .  The s t u d e n t  

should a l s o  have an unders tanding  of s t r u c t u r e d  d a t a  t y p e s ,  

c o n t r o l  s t a t emen t s  and procedures .  + 

2 .  There is no s p e c i f i c  p r e r e q u i s i t e  f o r  t h i s  course  excep t  

t h a t  t h e  s t u d e n t  should -have a  g e n e r a l  unders tanding  of 



.- simple l o g i c .  However t h i s  s k i l l  can be a l s o  acqui red  

wi th in  t h e  con tex t  of the  course ,  
a 

- 3. The matura t ion  ba'ckpound and e d u c a t b n a l  b a c ~ ~ ' ,  - - 
a . . 

e i p e c t e d  of tkfe s t u d e n t s  i s  s e n i o r  secondary school  s t and ing  

o r  b e t t e r .  * .  - 
( -  . 4. 'A module of t h e  course  i nvo lves  read ing  a  chap te r  of t h e  

Cx 

a "  
C 

s tudy  guide,, r ead ing  t h e  corresponding = h a p t e r ( s )  of the  . 

textbook,  - l&ten ing  t o  t h e  corresponding aud io  t a p e ,  and 
4 

,P 
completing t h e  r equ i r ed  ass ignment(s) .  performance 

* ,- 

o b j e c t i v e s  a r e  d i r e c t l y  r e l a t e d  t o  t he  m a s t e r ~  of the* t o p i c s  , 

, 

presented i n  t h e  textbook. 

For example, a f t e r  read ing  Chapter I1 of t h e  s tudy  

guide and C h a p t e r 2  of t h e  textbook,  l i s t e n i n g  t o  audio  tape  

2 ,  and completing Assignment 2 ,  t h e  s t u d e n t  i s  expected t o  

understand ( a t  a- s i m p l i f i e d  l e v e l )  t h e  o v e r a l l  o rgan iza t ion  

of a  =PASC& program. 

5. The main measure of t h e  s tuden t ' s  performance i s  the  manner 

i n  which the  assignment i n  each model is completed. 

However, an i n s t r u c t o r  may supplemept t h i s  w i t h  qu izzes  and 
r 

formal  examinat ions  i f  necessary .  ,I" 

.f - The des ign  of  t h e  cou r se  i s  based on r e c e n t  t r e n d s  i n  t h e  

t heo ry  of programming. The course  p r e s e n t s  a d i s c i p l i n e d  

. approach t o  programming by concen t r a t ing  on s t r u c t u r e d  

programminp, and sof tware  design.  The s t u d e n t s  a r e  in t roduced  t o  

t h e s e  programmming methodologies r i g h t  from t h e  s t a r t  and t h u s  

a r e  no t  l i k e l y  t o  develop bad programming h a b i t s ,  



St ruc tu red  ~ r o & m m i n ~  

I 

The - W T  1033 in t roduc to ry  p r o & a x h g  caurse at Simon - , d 

. . 

Frase r  Un ive r s i t y  uses.  a  t echnique  of programming c a l l e d  -.- 

s t r u c t u r e d  programming. Most- of t h e  former techniques  o f  

p rogr&ming a r e  cons idered  t o  be "unstructured" . In 
1 

d 

"uns t ruc tured"  programming modular des ign  i s  a lmos t  non-exis tent  

h 

and t h e  sequence of i n s t r u c t i o n s  appears  t o  be i n  random ,. 

orde r .  - St ruc tu red  programming invo lves  t h e  u s e - o f  modular 

des ign  and a fixed sequence of program i n s t r u c t i o n s  u s u a l l y  

r e f e r r e d  t o  as a "top-hown" approach. Because of  these 

t echniques ,  s t r u c t u r e d  programming i s  cons idered  t o  be easier t o  

w r i t e ,  e a s i e r  t o  unders tand ,  easier t o  fix, and easier t o  change 

than  an uns t ruc tu red  program. An uns t ruc tu red  program i s  a 

organization. A structured program can bs eaapered to &he 

organ iza t ion  s f  a book o r  a thesis. The ove~all organSzetion i s  
a 

broken into aevcrs l  cmpwent  t o p i c s  and each of these f s 

subdivided f u r t h e r  as needed. 

The basic process of structured programing is the breaking 

down of a g iven  problem into a series of simpler problems. Each 

siwpler problem Is in turn broken down until it bccsarew a s i m p l e  
tJ 

mangageable unit, % . e .  no f u r t h e r  r educ t ion  i s  p s s t b l e  or no 

further r e d c u c t i ~ i i  is necessary. These small units are t h  

implemented as programed procedures which have simple, eas i ly  

manageable tructures, rather than  having to gaanipdate  the 



larger complex units  f rout which' tbey are derived. T h e m  . 

such structuring is usually a d e a r ,  concise and workable \ 
program. 

'"is procesi represents the most iaportant concept in - d 
strdctured p r o g r a d n g ,  i.e,, t b t  a problem can be 

Y solved by repeatedly breaking i t  do& into subprobleas, 
un t i l  every subproblem can be solved. If you plan t h i s  
clecomposition before 'you t r y  .to wqite it  out i n  the 
narrow, precise, and time-consuming syntax of the target 
language ( i  .em, the programming language you use to 
solve the problem), you w i l l  have a better chance of 
gett ing your program r i g h t  the  first time." (Wflliguae, 
198l)  

,' Sof tw  re design d e a l s  with the  design of individual k. B 

computer programs and their implementation and in terac t ion  i n  a 

large s y s t m .  e d e s i g n  of  good programs and ~ l ~ r i m a t e l y  good 

systems has en foremst  in the minds of systems designers 

sfnce ehc first major software f&ilurbs of the 19608, 



entire project . 
2 .  Design. Eere the performmc& requirmnts a& translated 

into fartlctioautl flowcharts and the pro$tct i s  broken down 
- 

into eas i ly  manageable modules. A draft sf the cmputer 
@ 

program development specfficatisn is also prepared. 

3 ,  &ding and cltoecbut. Here, a l l  program modules are coded 

f a  phase ineludes tests  t o  make sure that the . 

4 .  Test and -- The sof%warr Ps integrated with the 

bardbare (the cmputcr t h r  tk programs will be implemented 

on) and f e  f o m % % y  tcsred against the requiremmYs set out 

rf s s a n c r  speclf icatians.  system is now ready 

4 * and - Even w k n  the above four phases are 

atetfculously carried out, there will still be some errors 

the system these errors aust be corrected as they are found 

and modifieationq t o  the or ig iml  design nay need to be 

carried out (Wasseen er, a%., 1978) .  . 

Even though t h i s  introductory course does nut afford the 
i? 

student the opportunity to mrk with large software systems, the 
- -- - - 

basic rules of saf tvare d e s i g n  described above stif l apply' for 
-- - - -- - 

the  most part to the a x e  simplistic programs students are 

required to produce. 3 



I a 
Analysis of the  problem, the  design of a so lu t ion  

algorithm, coding, and testing are an ikegral part of all 
- 

3 

e m p u t e r  progrsms. I n  term of the course d e a e r I h d f n  U- - -- - - 

Q-. 

t he s i s ,  for every program the s tuden t  is required to: 

a. analy& t h e  problem and choose the variables that all 

be used i n  the s o l u t i o n  algorithm 

b.  design t h e  a lgor i thm - i n - t h m s e ,  draw a flowchart as 

" aL 
described i n  the s tudy  .guide, 

c.' write the PASCAL code t o  represent  the  flowchart 

solution. The code must be docbmtentd as it is wri t t en .  

d ,  type t h e  code i n t o  the  computer and "tun" i t  LQ Paske 

sure t h e  program wurks. Test the  program v i t h  d i f f e r e n t  

sets of data t o  make sure  t h a t  i t  w i l l  work for  many 

B 
. cases. * 

*- 

e .  opera t ion  and support can o n G  be discussed throughout 

the  course as s tudent  programs a r e  not used i n  a n  

opera t ions  environment. 

IV .- Choice of a Computer Language and a Computer Sys.tem - -- -- 
PASCAL was cttosen as the fdeal language f o r  this course 

because it is a coherent, powerful and well-defined language 

that has gained wide acceptance (Tiberghien, l 9 8 l ) .  
m 

- - -  - 

T h e  prograrmphg language PASCAL was o r i g i n a l l y  
developed f o r  teaching programming with emphasis on the  - 
trecftnf ques licii6wn X a s t r u c t u r e d  programming. &re 
recen t ly ,  a s  p rogramers  i n  business and indus t ry  have 
begun t o  discover  the l i m i t a t i o n s  of t r a d i t i o n a l  
programming languages suck a s  COBOL and FORTRAN, 
i n t e r e s t  i n  pu t t ing  PASCAL t o  work i n  the world ou t s ide  



' the  cla;srooa has inerean&. 'An important boost f o r  
PASCAL has copre from i t s  widespread i n p l e m n t a t i o n  of 
microcamputers. PASCAL is now es tab l i shed  as one of the  
major programing languages that every prQgzarpaer should 
know" (Graham, 1983). 

- --- - 

PASCAL is also a w e l l  designed language t h a t  encourages the 

programer  t o  write c l e e r l y  so  as t o  make the  program 
.. 

"self-documenting" w i t h  on ly  a modest need f o r  a d d i t i o n a l  

w r i t t e n  documenterion. 
r # 

The PASCAL language is  one of the  f e w  languages which helps + - 
the programmer 4n program design. It a i d s  the programmer i n  

9 

speci fy ing t h e  process and t h e  d a t a  c l e a r l y  and n a t u r a l l y .  

The APPLE XI microcomputer system was chosen a s  the  

computer f o r  t h e  course because i t s  proven a b i l i t y  t o  support 

the  PASCAL language, the  abundance of supplementary m a t e r i a l s  

a v a i l a b l e  f o r  s tuden t s ,  the c o s t  of t h i s  system compared t o  

o t h e r  systems on the  market and i twwidespread use throughout 

, a 
North America, 

V. Choice of the  Textbook - -- 
1 

Several textbqoks on PASCAL were examined including the  

textbook used f o p  t h e  CMPT 103 course a t  Simon F tase r  

Universi ty,  This book was not  chosen a s  i t  was d i r e c t e d  

pr imar i ly  toward the  s c i e n t i f i c a l l y  o r i en ted  student  and assumed 

some previous programming experience, Other textbooks were 
- - -  - 

r e j e c t e d  f o r  s i m i l a r  reasons,  i , e ,  they were aimed a t  a very 
- - 

- spec ia l i zed  segment of t h e  s tudent  population, 



In t roduct ion  t o '  PASCAL Including UCSD PASCAL by Rodnay Zaks 

was chosen as i t  was the  s p e c i f i c  i n t e n t i o n  of t h e  author that 

the book be designed t o  be read and understood by everyone, 

a whether novice o r  experienced programmer, who wants t o  l e a r n  how 

t o  program i n  PASCAL. 

The arrangements of zhe chapters  take  the  s tuden t  from 
=%A 

simple concepts to.complex ones i n  a s t eady  progression. The 

chapters  present  the  s tudent  with those f e a t u r e s  of the  

- 
language necessary t o  understand the  concepts of computer , \ 

. - 
programming. The l a t e r  chapters  bui ld  upon t h a t  which has 

* 
al ready been learned thus allowing the  s tudent  t o  design and 

w r i t e  more complex programs, 

1 < - 
V I .  Development of t h e  AudiyTapes 

* -  --- 
The aud o tapes  were-riginally developed on a reel-to-r \ recorder  to e i s u r e  a high q u a l i t y  recording and t o  a l low f o r  ' 

re f ined  e d i t i n g  f a c i l i t i e s .  The f i n a l  ve r s ions  of each tape 

were l a t e r  t r a n s f e r r e d  t o  ca-ssette tapes  h a r e  much e a s i e r  

f o r  s tudents  t o  use on small por table  recorders .  

The course i t s e l f  involves th ree  main t a sks :  !Y 

mastering the  computer system - i n  t h i s  case the' APPLE I1 - 

microcomputer 

m s t e r f n g  t h e  p r i n c i p l e s  involved In  the  formulation of 

setlutfm alg&thm 

t h e  t r a n s f d h a t i o n  of t h a s i  algori t&ns i n t o  t h e  a c t u a l  

PASCAL coded i n s t r u c t i o n s  which can be understood and 



executed by t h e  computer. 

The above t a s k s  were broken up ' i n t o  sub-tasks or €epics w i t h  - 
- b 

each  t ape  designed as. an  i n u ~ d u c t a r y  ~e'&e on a specif+ 

t op i c .  i 
-, ii 

- L 
i 

\ 

L 

For example, t he  f i r s t  audio  tape  i_s a stgp-%y-step series 
L 

L 

of i n s t r u c t i o n s  O a t J  t type  a  PASCAL program i n t o  t h e  4 -.-/ -J - 2 w - V  - J ii 

a> d i d  i computer and how t o  execute  i t .  Ins t rucf ior rs  range from how t o  

swi t ch  on t h e  machine and i n s e r t  t h e  d i s k e t t e s  t o  t h e  s imple  use 

of t h e  o p e r a t i n g  system a r e  covered. 

Other t a p e s ,  d e a l i n g  w i t h  a lgor i thms  o r  programming - 

examples, r e f e r  t o  s p e c i f i c  pages and f i g u r e s  i n  t h e  textbook 
t - 

and/or  t he  s tudy  guide  t o  r e i n f o r c e  the  concepts  being - L 

d i s  ssed.. Where a c t u a l  examples of computer programs from the  k - 
s tudy  guide a r e  d i scussed ,  t h e  t ape  add res ses  t 

t h e  code chosen t o  implement t he  s o l u t i o n  a lgor i thm.  These 
E .  

s u b t l e  but important  p o i n t s  could e a s i l y  be missed' by s t u d e n t s  . 

when they a r e  reviewing w r i t t e n  examples w i thou t  . t h e  a i d  of 

supplementary i n s t r u c t i o n .  

The self -paced a s p e c t  of t h e  audfo-tape l e c t u r e s  a l l o w s - t h e  
.e -* 

IQ 
i n s t r u c f o r  t o  cover a g r e a t e r  amount of m a  e r ia l  i n  much more 's 

- 
d e t a i l  than  can normally be covered i n  a  convent iona l  l e c t u r e .  

S tudents  are more l i k e l y  t o  ques t ion  m a t e r i a l  on t h e .  t ape  than  
, 

f a c e  the  p o t e n t i a l l y  embarrass ing s i t u a t i o n  of approaching t h e  

i n s t r u c t o r  w i t h  t h e i r  own i n c o r r e c t l y  t r a n s c r i b e d  l e c t u r e  no tes .  

Such ques t ion ing  i n c r e a s e s  t h e  rate a t  which the  teaching  

m a t e r i a l s  can be improved (Lower, 1981). 



V I I .  ~ e i e l o p i n e n t  o f  t he '  Study Guide - -- 
The s tudy  gu ide  i s  designed t o  be t h e  f o c a l  po in t  f o r  ' t h e  

a u d i o  t a p e s  and t h e  textbook. The theme of we l l - s t ruc tu red  and 

r e l i a b l e  computer programs i s  c o n s i s t e n t l y  r e i n f o r c e d  i n  each 

chap te r .  It i s  s imply n o t  enough t o  t each  t h e  s y n t a x  of a , 

programming language t o  be inn ing  s t u d e n t s  wi thout  formal ized  b 
i n s t r u c t i o n  on t h e  format ion of a lgor i thms  and t h e  proper  u se  of 

syntax.  Without such c a r e f u l ,  d e t a i l e d  i n s t r u c t i o n  too  many bad 
~, 

e l  

h a b i t s  aye formed. 
\ 

The development of t h e  s tudy  guide  fo l lows  ,the p r ' i n c i ~ l e  

t h a t  l e a r n i n g  i s  b e s t  accomplished when new informat ion  i s  based 

on prdvious ly  l e a r n e d  material. The s tudbn t  makes use  of  

r e c e n t l y  acqui red  knowledge t o  accomplish t h e  t a s k  a t  hand. 

(Winne and Marx, 1977). With t h i s  i n  mind, each c h a p t e r  of t h e  

s tudy  g u i d e , i s  s t r u c t u r e d  t o  i nc lude  f i v e  b a s i c  s e c t i o n s :  

1. a read iqg  assignment p e r t a i n i n g  t o  s p e c i f i c  s e c t i o n s  of f ie  - A -  - 

s tudy  guide  and t h e  textbook 

2. suggested e x e r c i s e s  from t h e  textbook t o  provide a 

sel f -check mechanism t o  makes s u r e  t he  s t u d e n t  unders tands  
- 

t h e  m a t e r i a l .  Sometimes the  e x e r c i s e s  w i l l  a l s o  p o i n t  o u t  
1 

a l t e r n a t e  coding methods and importaht  language l i m i t a t i o n s .  I 

3. a s p e c i a l  "Ref lec t  Sec t ionf f  which c o n t a i n s  a few ques t ions  

t o  he lp  s t<dents  t e s t  t h e i r  knowledge of t h e  m a t e r i a l  from , 

s e v e r a l  d i f f e r e n t  p e r s p e c t i v e s  which may no t  have been 

apparen t  t o  them from t h e  read ings  and t h e  e x e r c i s e s '  



4 .  assignments  which r e q u i r e  t h e  s t u d e n t  t o  work s p e c i f i c a l l y  

w i t h  t h e  new c m c e p t s  presen ted  i n  t he  c u r r e n t  read ings  and 
.x 

taped l e c t u r e s  

5. a s e c t i o n  t o  d i s c u s s  s p e c i a l  t echniques  and s t y l e s  r e l a t e d  

t o  t h e  c u r r e n t  work being covered.  

Applying 'the Dick and Carey C r i t e r i a  - -  
-. 
'5 

The ~ i c k  and Carey c r i t e r i a  mentioned abave were a p p l i e d  t o  

t h e  devel-%ent of t h e  s e l f  -d i r ec  t e d  s tudy  course  r epo r t ed  on 

here .  The d i s c u s s i o n  below n o t e s  s p e c i f i c a l l y  how each  of  t he  

Dick and Carey c r i t e r i a  wgre implemented, 

1. I d e n t i f y i n g  t h e  i n s t r u c t i o n a l  goa l .  - 
% r- 

The i n s t r u c t i e h a l  g o a l  f o r  t h i s  course  i s  one t h a t  i s  common 
I 

- 
4. 

t o  a l l  i n t r o d u c t o r y  computer programming courses :  " A t  t he  
C. 

rl 

end of t h e  cdu r se ,  t h e  s t u d e n t  w i l l  be a b l e  t b  d e f i n e  a  

programming problem and produce a s u i t a b l e  programmed 
- 

s o l u t i o n  us ing  s t r u c t u r e d  programming techniques." 

2. Conducting an i n s t r u c t i o n a l  a n a l y s i s .  - 
An fn fo rma l  survey  was conducted a t  v a r i o u s  l e a r n i n g  

- 7.  
i n s t i t u t i o n s  .from elementary school  l e v e l  t o  u n i v e r s i t y  

l e v e l  t o  det'ermine what p r e r e q u i s i t e  s k i l l s  were c o n d i t i o n a l  
3 

t o  begin teaching  computer programming concepts .  It was 

found t h a t  t e a c h e r s  were a b l e  t o  i n t r o d u c e  t h i s  d i s c i p l i n e  

a t  a l l  g rade  l e v e l s  where t h e  concept of count ing  had 

a F ~ e a d y  been mastered.  A s  t h i s  course  i s  intended f o r  t h e  

s e n i o r  secondary school  and f i r s t  yea r  u n i v e r s i t y  % e v e l s ,  



f u r t h e r  a n a l y s y s  was unneccessary.  

I d e n t i f y i n g  e n t r y  behaviors  and c h a r a c t e r i s t i c s .  - 
A s  t h i s  cou r se  i s  designed f o r  s e n i o r  secondary s choo l  and 

f i r s t  year  u n i v e r s i t y  s t u d e n t s ,  t h e s e . s t u d e n t s  would be 

eypected t o  be h i g h l y  n o t i v i t e d ,  good r e a d e r s ,  and good 

problem s o l v e r s .  b 

Wri t ing  performance o b j e c t i v e s .  
- .  

performance o b j e c t i v e s  were s t i p u l a t e d  f o r  each  module of 

t h e  course .  I n  terms of t h e  cou r se  m a t e r i a l s ,  one c h a p t e r  

of t h e  s tudy  gu ide  repr .esents  a  s i n g l e  module. The s tudy  

gu ide  c o n s i s t s  of e i g h t  c h a p t e r s .  

CHAPTER 1: 

Given a  s imple  programming problem, t h e  s t u d e n t  cah draw 

a  f lowchar t  s o l u t i o n  and d e s c r i b e  t h e  f i v e  b a s i c  

components of t h e  computer t h a t  a r e  r equ i r ed  t o  

implement t h e  s o l u t i o n .  

CHAPTER 2:  

Given a  computer program i n  PASCAL, t h e  s t u d e n t  can  type  A 
%. 

t h e  APPLE-PASCAL system and use  t h e  
'7 

" e d i t o r W . t o  a l t e r  t h e  t e x t  of t h e  program. 
+ 

CHAPTER 3: 

Given a problem d e f i n i t i o n ,  t he  s t u d e n t  can  draw a 

f lowchar t  s o l u t i o n  and implement t h i s  s o l u t i o n  on t h e  

APPLE-PASCAL system us ing  b a s i c  PASCAL d a t a  types .  

CHAPTER 4: 

Given a  problem d e f i n i t i o n  r e q u i r i n g  knowledge of 



advanced PASCAL programming concepts such as looping, 

P the "if-then-else" construct, and the "case" statement, 

the student can flowchart and program an efficient 
t 

solution on the computer. 

CHAPTER 5: 

Given a problem requiring that data be sorted into 

0 
either ascending or descending order, the student can 

flowchart and implement a solution on the computer. 

CHAPTER 6: 

~iven a problem definition requiring the use of modules 

as a basis for the solution, the student can flowchart 

and implement a modular solution on the computer using 
e 

"structured programming" techniques. 
, 

CHAPTER 7: 4 

Given a problem definition requiring the use of multiple 

storage locations, the stud'ent can flowchart and 

implement a solution on the computer using arrays as the 

major data structure. 

C'HAPTER 8: . 

Given a problem definition requiring the keeping of 
, ?= 

4 

records, the student can flowchart and implement a 

solution on the compfiter using the "Record" data type. 

5. Developing criterion-referenced tests. 

As the nature of this course requires that the student hand 

in completed programming assignments on a,regular basis, the 

correctness and style of the student's program is a goad and 



s u f f i c i e n t  test  of how t h e  s t u d e n t  i s  p rog re s s ing .  It 

should be noted t h a t  t h e  n a t u r e  of computer programming i s  

such t h a t  t h e  s t u d e n t  i s  n o t  a b l e  to. hand i n  a n  ass ignment  

wi thout  f i r s t  ga in ing  a  reasonable  unders tanding  of t h e  work 
..> 

being done. 

Developing an  i n s t r u c t i o n a l  s t r a t e g y .  

i s  based on r e s e a i c h  i n k h e  a r e a  

of audio and w r i t t e n  i n s t r u c t i o n  a s  de sc r ibed  above i n  

"Sarvey of t h e  L i t e r a t u r e t 1 .  The course  developed i n  t h i s  

t h e s i s  c e n t r e s  around t h e  s tudy  gu ide  through which t h e  u se  
a 

of t k e  textbook and t h e  aud io  t a p e s  i s  coord ina ted .  The 

s tudy  guide was chosen a s  t h e  f o c a l  p o i n t  of i n s t r u c t i o n  a s  

i t  can be employed t o  t a i l o r  e x i s t i n g  m a t e r i a l s  t o  s p e c i f i c  
i 

needs and provlde  t h e  l e a r n i n g  e f f e c t i v e n e s s  and e f f i c i e n c y  

" t h a t  .may be l a c k i n g  i n  e x i s t i n g  sources  (Langdon, 1978). 

7: Developing - and s e l e c t i n g  i n s t r u c t i o n ,  

The i n s t r u c t i o n a l  s t r a t e g y  of t h e  course  d i c t a t e s  t h e  use  of 

a  t ex tbook ,  t h e  s tudy  guide and audio  t apes .  However, 
. 

d ~ p e n d i n g  on t h e  u l t i m a t e  goa l  t h a t  an i n s t r u c t o r  may have 

i n  mind f o r  t h e  s t u d e n t s ,  t h i s  i n s t r u c t i o n a l  ~ t r a t * ~  i s  

s u f f i c i e n t l y  f l e x i b l e  t o  a l l ow  t h e  course  t o  be supplemented 

by formal o r  in formal  l e c t u r e s  i n  o r d e r  t o  expand on t h e  

concepts  p resen ted  i n  each  chap te r  of t he  textbook and t h e  

s tudy  guide.  

8. Designing - and c o n s t r u c t i n g  - t h e  format ive  e v a l u a t i o n .  
-. - - 

The course  w i l l  be t aught  t o  d i f f e r e n t  groups w i th  v a r i e d  



educational backgrounds and goals in order to identify thk - - - 

-. 

strengths and weaknesses of the course as they pertain to 

each group. 

9. Revising instruction. 

The formative evaluation from test groups will be u s e d . t o  

P 

update and improve and if necessary, 'to revise the 

instructional strategy. In thfs way this type of course can 
" 

serve as a useful design tool now and in the future. 
? 



I:nt,rcduc;gn to the Self-Directed Study Course -- 

The grogr x e t  of this coutra b r  h e n  deeigntd t o  

arrived a t  through t h f s  study i s  one s h f c h  mates use af 

self-directed s t u d y  comglement'ed by laboratory p e r i d s  i n  which  

* 
the studeGts can get indiv idual  h l p  w i t h  t h e i r  problems. 

This PASCAL self-directed studx etauree in PASCAL i s  b o d  

on t h e  study guide (see Appendix Cf p l u s  the  HTatr~buctfsn to 

. PASCAL, Including CCSD PASCAL" textbook by Rodnay i h k s  (3. ed, 

The study guide i t s e l f  i s  dfvided i n t o  e f ~ h t  chapters and 

t w o  appendices  and deals w i t h  chapters 1 to 11,  chapter I S ,  and 

the appendices  of thc textbook. Chapters 1 2 ,  13 and 14 of the 

textbook are not covered i n  t h i s  course as  rhcse chapter6 d t a l  

with advanced topics.  I n  the opinion of the author [of this 

thes i s ) ,  these tog.ies a t e  best left for a sceand course, 



=.  
Assignments and P r o j e c t  - 

This course i s  designed $ t o  be taught  i n  a t h i r t e e 7 n c k  

semester. As i t  is  a se l f -d i rec ted  study course,  ind iv idua i  ' 

-- 

i n s t r u c t o r s  may speed up o r  shor ten  t h i s  t i m e  frame t o  s u i t  

indivfdual  needs, There a r e  t en  assignments i n  the  course. 

Each assignment covers a s p e c i f i c  concept of programming i n  the  
P 

PASCAL language. It is suggested t h a t  one assignment be 

completed each week with th ree  weeks given f o r  the  completion of 

a final project. 

11, Lectures - ----- 
mere are nine audio-tape .lectures covering s e l e c t e d  

. c!mpsers of the s tudy  gu ide  and r k  textbook. The purpose of ' 

these t a p e s  I s  t o  expand upon the conceptual material presented 

1:: r k  ~ r u d r  g u i d e  and the t cxrbsk  and Ea.%rsaadea the scope sf 

h e l p  &1ve programing problems in en upen katwrrtorg type  



IV. Equipraent and Materials 
-. - 

For each student in  the course, the following materials are 
- --- -- 

required : 
8 

1. one 48K Apple computer v i t h  a PASCAL, fanguoge card 

. i n s t a l l e d .  
a 

2 .  tvo d i s k  drives 

3 . -  a TV set ox v i d e o  monitor connected to the Apple computer, 
9&a 

b, one "APPLK!:" d i s k e t t e  (to use the PASCAL compiler) 

c .  one"WAfPLE3:" diskette (this-diskette contains special 

programs, i .e . ,  FORZaATTER -' to f o m t  a brand new disk.) 

5 ,  two blank diskettes (more as needed) 
B 

6. '  one cassette tape re+ 
, 

7. five cassette tapes containing a total of nine lectures 

8 .  one textbook, "An - Introduction. - to PASCAL Including - UCSD 
- 

PASCALN by Rodney Zaks (2d.  e d .  Sybex 1981) 

9. one Apple PASCAL Language Reference Nanuaf 
C 

10. one Apple  PASCAL Operating System Reference Manual. 
, , 

The d i s k e t t e  earked U i l P ~ ~ E l : "  is needed t o  start the syatem, 

The  APPLE^:" diskette containa the necesaary system inforrmtion 
C 

ko allow the computer-tti processes PASCAL programs, 



E. Assessment - 
The cour se  designe-$ as a 

t e s t e d  by t w o  s e p a r a t e  groups  

of t h e  "New" Course --- 
- - 

p i l o t  p r o j e c t  f o r  t h i s  t h e s i s  was 
- - - - - - -- -- - -- 

og s tuden t s .  Each group of 

s t u d e n t s  came from a d i f f e r e n t  e d u c a t i o n a l  background and had - 
I 

d i f f e r e n t  e x p e c t a t i o n s  of a computer course  i n  terms of  t h e i r  

own persona l  needs i n  t h e  area of computing s c i e n c e  and computer 

programming . 

I. Assessment 2 Computer Science Undergraduate S tudents  - 
The first kroup t o  t r y  t h e  "new" cour se  were undergraduate  - 

s t u d e n t s  i n  t he  r e g u l a r  computing s t i e n c e  undergraduate  program 

a t  Simon F rase r  Univers i ty .  An assessment w a s  made of t h e  new 

s tudy  guide,  taped l e c t u r e s  and the  textbook i n  comparison wi th  

t he  e x i s t i n g  s tudy  gu ide ,  fo-1 l e c t u r e s  and textbook of t h e  

CMPT 103 course  a t  Simon F rase r  Univers i ty .  Three s t u d e n t s  from 

t h i s  CMPT 103 cour se  vo lunteered  t o  do approximately t h r e e  weeks 

work using t h e  "ned' course  and a t  t he  end of t h a t  cou r se  to  

.. complete a ques t ionna i r e .  'The work from chap te r  I V  of t h e  s tudy  

guide which included ass ignments  4 ,  5 ,  and 6 .  was chosen f o r  t he  

assessment as these  s t u d e n t s  were about to undertake similar 

work i n  t he  MPT 103 course  . The s t u d e n t s  could then cornfire 
' 

both types  of i n s t r u c t i o n  without  l o s i n g  any t i m e  i n  t h e i r  own 
. - 

course. The quPs t ionna i r e  was- designed to  f i n d  o u t  whether or 
- - - - - - -- 

no t  the  course prksentat io-n was h e l p f u l  under s e l f - d i r e c t e d  

s tudy  cond i t i ons .  o 



R e s u l t s  - of Assessment Computing Science Undergraduate 
I 

Studen t s  0 

* 
- - - - -- -- --- 

The answers  t o  t h e  q u e s t i o n n a i r e  i n d i c a t e d  t h a t  t h e  s tudy  - 
guide ,  t a p e s  and tex tbook  were judged t o  be a c o n s i d e r a b l e  

i&provement over  t h e i r  C+PT 103 coun te rpa r t s .  
-- 

There were sevekal i n c o n s i s t e n c i e s  i n  the origfna1 v e r s i o n s  
- 

of t h e  audio  t a p e s  and t h e  s tudy  guide.  On some of t h e  tapes 
4 

t h e  speed of i n s t r u c t i o n  was t o o  f a s t .  11-1 the study pf&e some 
r CJ 

o$ t h e  m a t e r i a l  w a s  o u t  of sequence and some f i g u r e s  were 

i n c o r r e c t l y  labelled, All t he se  e r r o r ;  were c o r r e c t e d .  - .  .. 
- 

On t h e  p o s i t i v e  s i d e  t h e  fo l lowing  p o i n t s  were made by the 

s t u d e n t s  t r y i n g  t h e  new course: '3 .. 

a ,  The i n s t r u c t i o n s  on the tape were clear and to t h e  

p o i n t .  

b. The concepts  were w e l l  presented w i th  p l e n t y  of examples 
3 - %+ 

c ,  The t a p e s  can be used by students t o  re inforce"  learnirig 
, \ 

a t  home,* i r r  class, whi le  uaititng for a bus, e t c .  This q' 

- 
means t h a t  t h e  i n s t r u c t o r  i e  always a t  hand. 

d ,  "Intrt5duction to t he  APPLE-PASCAL System" was the mast -- 
important  chap te r  i n  t h e  s tudy  gu ide ,  The i n t r o d u c t i o n  

' b r i n g s  i n t o  clear focus  t he  APPLE-PASCAL system and i t s  

_ o y e r a t i m ~ .  Zt gaves a fot of the stumErkfngguver the - - - - - -- 

l%#erLsystemttrat-*-ttTerregurar-- -- 

encounter  a t  the beginning of the semester. 



e .  The "Reflect Sectionv i n  the study guide i s  an , 

exce l l ent  review a id .  

A summary of the reeponses to  rhe quest ionni lre  is given -in 

pLppp -- 

TABLE ONE he foIlowf ng page., me foTl&in& fivFzpTint scaXp 
- 

was used i n  s o l i c i t i n g  student responses : 

Not Some ' Very 
* *  

Scale : k f  pf ul Help  Adeqttir t e  Helpful Helpful , 
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The following qaestions require only short answers. 

fff you would ffke to  add arry y h e r  c o a m r s ,  please . 
I 

tmzthefast ~ & ~ * n m e h ~ p u f t k e .  + + ,- 

.. * *\"  * 

8. ~ h ' i c h  part of the 'he@ course study guide d i d  you f in4 most 

useful?  

STUDENT 1: THE TAPES 

THE FLOWCHART EXAMPLES 
% 

STUDENT 2: THE TASKS WERE EXPLAINED WELL 

THE SALIENT POINTS OF THE ASSIGNMENT WERE 
,Q 

DISCUSSED t 

IVEX.E GIVEN 

I 

9. W h i c h  part of  t h e  "new" course s t u d y  g u i d e  c o u l d  have been 

made* more useful - and how? 

- - STUDENT 1: CROSS REFERENCE TO OTHER CHAPTERS OM RELATED 
' 

CONCXPTS COULD BE PRINTED OUT 

STUDENT 2 :  EVERY FOURTH ASSIGNMENT SHOULD BE LARGER TKAN 
tQ 

THE OTHERS I N  ORDER TO INCORPORATE ALL THE 
s" 

SMALLER CONCEPTS LEARNED IN THE PREVIOUS PARTS 

STUDENT 3: THE STATEMENT OF THE ASSIGNMENTS COULD HAVE BEEN 

MORE EXACT 



. . . 
4 

, - 

10. What comments do you have about:- 

a.  the CMPT 103 text  book? 

S m  1 : TOO MATH OREENFED - I 

NOT EASY TO READ 

D I S C U S S I O N  OF F I L E S  WERE POOR 

STUDENT 2.: I~APPROPRIATE FOR TEACHING INTRODUCT~RY. 

.. PASCAL 

STUDENT 3: THE TEXTBOOK WAS GOOD EXCEPT FOR 

b .  the "new" course text  book? 

STUDENT 2 : 

STUDENT 3: 

EASIEB,  READING - APPEARS T O  BE STWIGHT 

FORWARD 

FLOWCHARTS AND PASCAL SYNTAX CHARTS ARE , 

INCLUDED AS VISUAL A I D S  

GOOD IMPROVEMENT OVER THE E X I S T I N G  TEXT 

AT T I M E S  I THOUGHT I T  MOVED A B I T  QUICKLY 

VERY GOOD, TAKES YOU THROUGH EXAMPLES 
% 

E A S I E R  TO READ 

1 1 .  What comments do  you have about the CMPT 103 labs? 

STUDENT 1: LAB T.A.s WERE NOT FAMILIAR WITH PASCAL 
* 

P 

s T U ~ E N T  2 :  ACCESS TO T.A.s WAS DIFFICULT 

STUDENT 3: NOT ENOUGH REFERENCE MATERIAL FOR THE A P P L E S  



12 .  What comments do y o u  have about t h e  "new" c o u r s e  tapes? 

AUDITORY LEARNING 
-- - - -  - 

\ STUDENT 2 :  I HAVE FOUND THE TAPES EXTREMELY USEFUL. THEY 

REALLY WOULD BE INVALUABLE I N  THE LABS 

STUDENT 3: I THOUGHT IN GENEW THE TAPES  RE GOOD BUT A 

LITTLE 500 SHORT 5; THE ONE WHERE A'- 'SORT' WAS 

WORKED THROUGH WAS VERY GOOD 

13, Would you p l e a s e  c o m p a r e  the r e l a t i v e  u s e f u l n e s s  
H 

( h e l p f u l n e s s )  o f  t h e  CMPT 103,labs a n d  the "new" course 

- ..> 

t a p e s .  

. STUDENT 1 : 

- 
f .. 

-AT PRESENT THE TOA-* LACK OF FAMILIARITY WITH 

PASCAL SYNTAX AM) SYSTEMS OPERATIONS-  PROVIDE 

VERY LITTLE BENEFIT 

THE TAPE OBVIOUSLY PROVIDES A SOUND WAY OF 

STUDENT 2: 

STUDENT 3 : 

IMPARTING KNOWLEDGE AND DIWCT ACCESS TO 

INFORMATION 
- 

WITH T.A.s YOU HAVJ TO LINE UP AND YOUR WAIT MAY 

BE FRUITLESS-; WITH TAPES YOU REPLAY UNTIL YOUR 

UNDERSTANDING I S  CLEAR 

THE NEW-COURSE TAPES ARE MORE USEFUL THAN THE 

THE LABS WERE PRETTY MUCH USELESS - I FOUND THE 

COMBINATION OF THE PRINTED MATERIAL AND W E  

TAPES VERY GOOD 



14. Is t h e r e  a 

cou r se s?  

STUDENT 1: 

q u e s t i o n  I should have asked you about  t h e s e  two 

HOW H E L P F U L  WAS T H E  I N S T R U C T O R  CURRENTLY . .  

-- 
TEACHING THE COURSE COMPARED T O  T H E  T A P E ?  

ANSWER: T H E  T A P E D  I N S T R U C T I O N S  COME FROM THE - - 

V O I C E  O F  E X P E R I E N C E  AND E X P E R T I S E  I N  THE S U B J E C T -  

MATTER 

STUDENT 2:  SHOULD THE MARKING E M P H A S I S  REMAIN THE SAME? 

I T H I N K  T F A T  I N  THE COURSE I TOOK TOO MANY NEW 

C O N C E P T S  WERE INTRODUCED TOO QUICKLY 

15. If  t h e r e  were two t h i n g s  i n  t h e  "new" course  you would not'  - 
I -i 

want t o  change,  what woulb thby be? 

STUDENT 1: 1. T H E  T A P E S  

2 .  THE F O R M A T , O F  THE STUDY G U I D E  

S T L Q E N T  2 :  T A P E S  

STUDY / T E A C H I N G  G U I D E  

STUDENT 3:  T H E  TEXTBOOK, T H E . T A P E S ,  T H E  A P P L E  
/' 

MICROCOMPUTERS 
J' 

b 

16. If  t h e r e  were two t h i n g s  i n  t h e  "new" cou r se  you would want 

t o  change, what would they  be? 

STUDENT 1: TEACH 'PROCEDURES'  E A R L I E R  I N  THE COURSE 
& 

L E S S  A S S I G N M E N T S  

STUDENT 2 :  L E C T U R E  SHOULD BE TREATED MORE L I K E  A T U T O R I A L  

STUDENT 3: MORE INFORMATION ON HOW TO U S E  T H E  A P P L E S  

HAVE A GOOD I N T R O  T O  THE A P P L E S  , 
1 



I f  .you have any f u r t h e r  comments, o r  want t o  e n l a r g e  on any 

of t h e  p rev ious  ones ,  p l ea se  use  t h e  back sf t h i s  page, 

I T .  Assessment by Graduate S tudents  i n  the  Facu l ty  of Educat ion - - ,  --- - 
The .second group of s t u d e n t s  t o  t r y  t h e  "new" cou r se  were 

g radua t e  s t u d e n t s  i n  t h e  Facul ty  of Education a t  Simon F r a s e r  

\ Univer i ty .  The "new" cou r se  was in t roduced  t o  t h e s e  s t u d e n t s  4 
as p a r t  f a b a s i c  i n t r o d u c t o r y  course  t o  g e n e r a l  computer \\ 

emphasis on programming the  APPLE I1 microcomputer 

a s  t h e  programming language.  Although t h e  - n e e  

s igned  as a s e l f - d i r e c t e d  s tudy  cou r se ,  i t  was 

decided t o  supplement t h e  f i r s t  o f f i c i a l '  o f f e r i n g  of i t  w i t h  

l e c t u r e s  i n  o r d e r  t o  o f f s e t  t h e  t ypograph ica l  e r r o r s  and 

o r g a n i z a t i o n a l  e r r o r s  t h a t  a r e  u s u a l l y  discoverkd i n  t h e  f i r s t  

o f f e r i n g  of many cou r se s .  

It should be po in ted  o u t  t h a t  t h i s  ,was t h e  f i r s t  t i m e  t h i s  

type of course  had e v e r  been o f f e r e d  t o  g radua t e  educatzon 
a 

s t u d e n t s  a t  Simon F ra se r  Un ive r s i t y  and t h e  e x p e c t a t i o n s  of 

t h e s e  s t u d e n t s  tu rned  o u t  t o  be q u i t e  d i f f e r e n t  from t h e  

e x p e c t a t i o n s  of t h e  computing s c i ence  undergraduate  s t u d e n t s .  

Although CMPT 601 ( t h e  gradua te  s t u d e n t  c o u r s e )  w a s  supposed t o  ' 

s t u d e n t s  i n i t i a l l y  perceived the  course  a s  o f f e r i n g  equa l  

amounts on both t o p i c s .  'Phe course  was fntended t o  be offered 



2. 

t o  novi'ces on ly  bu t  t h e  a c t u a l  enrolment c o n s i ~ ~ e d  3f seven 
L 

novices ,  f o u r  s t u d e n t s  wi th  some prev ious  programming 
- 

v 

expe r i ence ,  and t h r e e  s t u d e n t s  who h id  a l r e a d y  completed t h e  - 
O P T  103 c o u r s e  a t  Simon F r a s e r  Univers i ty .  As a re 'sult  , t h i s  

i h s t r u c t o r  decided t o  b reak  t h e  cou r se  up i n t o  t h r e e  s e p a r a t e  
lia 

groups,  Group 1, Group 2 ,  and Group 3 r e s p e c t i v e l y ,  accord ing  t o  - 

t h e  above sepa=at ions .  For t h e  p rog&in i  requi rements  o f  t h e  

course  t h e  f i r s t  two groups worked on the  material of t h e  c o u r s e  

desc r ibed  i n  t h i s  t h e s i s .  The novices (Group 1) uorked only  on 

the  course  m a t e r i a l  d e s c r i b e d  i n  t h i s  t h e s i s .  The more advanctid 
d 

group oi f o u r  s t u d e n t s  (Group 2 )  s t a r t e d  t h e i r  work a t  c h a p t e r  * 
I11 of t h e  s tudv  guide and completed t h e  course  w i th  some 

\ 
, advanced work. The "f f n a l  p ro j ec t "  was not r equ i r ed  i n  o r d e r  t o  

l e ave  road f o r  t h e  "computers i n  soc i e ry"  a s p e c t  of t h e  course. 
1 

-d The s t u d e n t s  who had completed CMPT 103 (Group 3) were t augh t  

a d v a n c e d  programming techniques and d i d  no t  p a r t i c i p a t e  i n  t h e  

m a t e r i a l s  descr ibed  i n  t h i s  t h e s i s ,  

Breaking t h e  c l a s s  u p  i n t o  t h r e e  d i f f e r e n t  groups had the 

e f f e c t  of making each group a s e p a r a t e  course  each w i t h  its own 

i n s t r u c t i o n  periods. However, - s i nce  t h e  a l l o c a t e d  i m t r u c t i o n  

t i m e  was i n  r e a l i t y  only enough f o r  a s i n g l e  cou r se ,  each  g roup  

had t o  make do w i t h  on ly  a t h i r d  of t h e  i n s t r u c t i o n  t h a t  had 

F been o r i g i n a l l i  planned f o r  theni .  The r e s u l t  of t h  s s t r a t e g y  

1 

was t h a t  t he  s o c i a l  i m p l i c a t i o n s  a s p e c t  of t h e  course &as 

largely ignored i n  favour of computer p r o g r a m i n g  which now 
Q 

dominated up  t o  n in ty - f ive  per c e n t  of t he  i n s t r u c t i o n  t ime ,  



much t o  t h e  d i s s a t i s f a c t i o n  of the 
3 P 

Results & Asaeosment ~ Graduate Students i n  Education 
- - -- - -- -- e!e!!e 

I 

+-& The q u e s t i o n n a i r e  was given  t o  t h e  Groups 1 and 2 d e s c r i b e d  

above. Ten o u t  of a t o t a l  of e l e v e n  s t u d e n t s  i n  the  Both groups 

responded. (Group 3 d id  n o t  use  t h e  course  materials developed 
R .  

i n  t h i s  t he s i s ; )  The answers t o  t h i s  q u e s t i o n n a i r e  i n d i c a t e d  

that t !k s tudy  gu ide ,  t a p e s  a i d  textbook were adequate bu t  no t  

s u f f i c i e n t l y  comprehensive to  provide the se l f - con f idence  th&t a 
-7 

s t u d e n t  wishes to ach ieve  i n  a programming course .  Throughout 

the questionnaire t h e  message was t h a t  more examples a r e  needed 

i n  the s tudy gu ide ,  t h e  t a p e s  and t h e  textbook.  

M s t  s t u d e n t s  felt t h e  earlier c h a p t e r s  of t h e  s tudy  gu ide  

ark! t h e  early sessions on t h e  tapes were good, These e a r l y  

chapters and f i r s t  tape seesi 

I F brought t h e  ' s tudents  a long  at a 
- 

very slow pace compared t o  the asual CMPT 103 course f o r  

17unputfng Science undergraduate  s t u d e n t s .  However, i t  see&d ' 

t h a t  as the course progressed and t h e  pace. p icked  up, t h e s e  

graduate Educat ion  s t u d e n t s  f e l t  t h e  amount of i n s t r u c t i o n  was 

i 

insufficient, 

A sUparv of the questionnaire a s  completed by t h e  Graduate 

> . h c a t i o n  Students is  g iven  on t he  fo l lowing  pages. 



1. Are you planning to use what you have" learned in CWT 601 in 

the achml s y s t a ?  Y E S ( & )  - m ( n L  
*- 

- 

- .r 

-- 

If yes (aherk all app-ropriate boxes); 

a. for own use only 

b. for administrative work 

c. as a teacher of computing, 
8 

- .  

Questions 2, 3 and 4 are shown 
L 

following page. The five-point 

questionnaire (shown below) was 

No t Some 

in TABLE TWO on the 

scale from the undergrsduate 

used again here. 

Very 

Scale: Helpfus - Help -Adequate Helpful Helpful 





5 .  Whic,h chapters of the study guide were most useful? 

STUDENT 1: CHAPTER 1, CHAPTER 4 ,  AND APPENDIX B e  

STUDENT* 2: CHAPTfSRS 1 TO 3, 
- - - - -- A -- -- 

STUDENT 3: &TER 1 - F'LOWCHARTING SYMBOLS, CHAPTER 4 ,  AND 
s 

. CHAPTER 5. 

' STUDENT 4 :  THE BEGINNING CHAPTERS, 

STUDENT 5 : (NO COMMENTS) 

STUDENT 6 : THE FLOWCHART ,EXAMPLES. 

STUDENT 7 :  THE BEGINNING CXAl?TERS, 

STUDENT 8: (NO C O M N T S r  
B 

INTRODUCTION AND CH#iPTER I .  



' 6 .  WhiCh chapters we& 'least u ~ e f u l ?  

STUDENT 1 : CHAP'PER 2 
- 

. 
- -- - - -- - - - - - - . - 7 - 

STUDENT 2 : CHAPTER 4. 

STUDEW 2: THE LAST OHES. 

STUDENT 5 :  THE RECORD PROGRAM ON PAGE 89 ,  THE INTR~ 

COMMANDS TO GET INTO THE SYSTEM, E.G.,, PAGE 20 i P 

SPECIFIC INSTRUCTIONS. 

STUDENT 6: (NO COMMENTS) 
.I 

- - -  - 

STUDENT 7: LATEX CHAPTERS HAD TOO FEW EXAMPLES* 

STUDENT 8: (NO COHMENTS) 

STUDENT 9: THE LATER CHAPTERS - ESPECIALLY CHAPTER 8. 

7. Comments on the study guide 

~~ 1: G E H ~ t T  I+EWlWL BUT PtftWft OF TEE ~f~ ~XJVEND 

WERE NOT DESCRIBED IN SUFFICIENT DETAIL; 

GREATER REFERENCE M THE APPLE I1 IN -?ARTICULAR 

IS  NEEDED, 

STUDENT 2: - WEAK ON EXPLANATION OF STORAGE LAYOUTS AWD THEIR 

REL&ONSHIP M THE FLOWCHARTS; 

INPUT/ OUTPUT EXAMPLES' CONFUSING ; ' 



d 
THE STUDY GUIDE I S  A GOOD OVERVIEW OF TRE PASCAL STUDENT 3: 

LANGUAGE. I F  USED WITH THE TEXTBOOK AS I T  I S  
- - - --- - - - - - - - - - 

INTENDED, I BELIEVE IT CKSERVEAS A USEFUL 

TOOLS A FEW MORE EXLES WOULD BE HELPFUL. 

THE STUDY Glf'IDE COULD BE USEFUL 1 F . P E R T I N E N T  
7 

DETAIL I S  SUPPORTED BY EXAMPLE. I T  COULD 

STUDENT 4: 

HANDH~LD THE STUDENT THROUGHOUT THE COURSE; - 

STUDENT 5: EDUCATORS, SOME 
* FOR A COPlPUTER COURSE FOR 
B 

BASED ON EDUCATIONAL d 
9 

PROBLEMS SKRJLD HAVE BEEN 

APPLICATIONS.  ' 

STUDENT 6: 
. . -  - .  

A COURSE FOR GOOD FOR CMPT 103 BUT NOT 

MORE EXAMPLES WOULD BE MOST USEFUL.- SHORT 

EXAMPLES THAT WE COULD REFER TO WOULD BE USEFUL. 

STUDENT 7 : 

STUDENT 8: 

STUDENT 9: 

SOME PROGRAMMING ERRORS. 

THE EARLIER CHAPTERS ARE 

PROVIDE THE STUDENT WITH 

EXAMPLES TO USE AS A REFERENCE. TRE- LATER 

CHAPTERS DO NOT ANItXlNSEQUENTLY ALL STUDENTS I N  - 
J 

THE COURSE HAVE. SPENT ,A TWMENBOUS 

C 

D 

TIME SCRAMBLING FROM ONE STEP TO THE 

NEEDS AN EXAHPLE OF CREATING AND AFLLE.  . 



& .  STUDENT 10: THE REQUIREMENTS FOR INPUT, I . E . ,  ONE LINE OR 

Which chapters of the textbook were most useful? 
fl 

STUDENT 1: CHAPTER 6 - MOST FREQUENTLY REFERRED TO. 

STUDENT 2 : CHAPTERS 2 ,  3,  4 AND 6 ,  

STUDENT 3: ALL CBAPTERS EXCEPT CRAPTER 11. 
$ 

STUDENT 4:  ABOUT 9 SAME 

STUDENT 5: (NO C O m S )  

STUDENT 6: ALL BUT THE ONE OH PARAMETeRS ETC. 

s- z: L - L  - - - --- -- - -- 

STUDENT 8: (NO C O m # T S )  

STUDENT 9 : ALL GENERALLY OK. 

STUDENT 10: (NO COMHP??TS) 

Which chapters of the textbook werevleast usefu 
-3 

STUDENT I :  CHAPTER 12 - LEAST FREQUENTLY REFERRED - TO* - 

STUDENT 2: CHAPTER 7.  
I 

smm 3 :  CHAPTER 11. 

STUDErn 4 :  ALL ABOUT THE s m .  

STUDE~T 5 :  (NO COWEXTS) 
* - 

STUDENT 6 :  THE CHAPTER ON PARMETERS. 

STUDENT 9 :  TfIE CfUPTEB ON PXLES 

STUDENT 10: (NO CC%IHEmS) 



1 0 .  ~wmregts on textbook' 

STUDENT 1:  EACE1 CHAPTER W M  OF VALUE AS THE MATERIAL WAS 

STUDENT 2: 

STUDENT 3: 

-, 
r 

STUDENT 4 :  
' .  

STUDENT 5: 

STUDENT 6:  

STUDENT 7 
# 

STUDENT 8: 

STUD EN^ 9: 

BEING STUDIED. 

NO GOOD EXPLANATION OF SYNTAX DIAGRAMS. 

VERY WELL WRITTEN. \ __-- 
FILES ARE NOT WELL EXPLAINED. 

. 
LACKSAPECIFIC DETAILS* 

NEED PROGRAM SO THAT ONE CAN S$ HOW TO PUT 

QPERBTIQN IN PROGRAH. 

(NO COMMENTS3-3 

USEFUL, BUT NOT ENOUGH 

F 
MORE EXAMPLES WOULD BE 

(NO C-S) 

FOUND PROGRAM EXlWFLES 

I 

- 

GENERALLY CONFUSING* 

WOULD PREFER A MORE DIRECI: REFERENCE TO UCSD 

STUDENT 1 :  

TO ALL PROBLEMS.. TOO I~AMY' TYPTYPOGRAPAICAL ERROlj$. - 
supervision in the Lab, 

(NO COMM?NTS) 



STUDENT 5:  

STUDENT 6: 

STITDENT 7: 

STUDENT 8: - - 
STUDENT 9: 

OK. 

GOOD - 

GOOD. 
e, 

THE TUTORIAL ASSISTANT DID AN EXCELLENT JOB. 

STUDENT 1 0 :  

WOULD BE HELPFUL, TO HAVE THE INSTRUCTOR IN THE LAB. AS WELL 

AS THE TUTORIAL ASSISTANT. 

STUDENT 1 : WOULD - HAVE PREFERRED TO HAVE MORE POINTED 
u 

D I S ~ T E  ASSIGNHENTS, PERHAPS MOW 
B 

SINGLE-CONCEPTED I N  ORDER THAT LANGUAGE DETAILS 

STUDEVT 2 :  SCOPE OF ASSIGNMENT WAS FINE, BUT SOME CONFUSION 

RORE GUIDANCE OM THIS. "Y 

STUDENT 3: NEED A F E W  MORE-ONE-CONCEPT ASSIGNMENTS BEFORE 

ASSIGNHENTS 8, 9 AND 10, 

STUDEXT 4 :  SOP% HAD CONCEPTS BEYOND THE KNOWLEDGE OF THE 

F LEAST SOME PROBLEWS, 



e 

4 -  

STUDENT 6: PERHAPS MORE EXAMPLES T4YLORED TO PNPLE WHO7 
2- J I F '  

WILL HAVE TO TEACH PR@GRAMMIN& - 

STUnNET 7: WE NEEDED INSTRUCTION+ON,THE: ASSI'GNMJNTS BEFORE - -  

SPENDING HOURS DECIDING WHAT SHOULD BE DONE. 

STUDENT 8: D I F F I C U L T .  .z 

% 

STUDENT 9: SHOULD BE EDUCATION ORIENTED EXAMPLES! ! I  
* 

- D I S C U S S I O N  AND EXAMPLES OF <OW TO PROTECT AND 
, , - / 

PROCESS USER I N P U T  TO PREVENT PASCAL FROR' 
- i 

n ~ ~ ~ m ~ ~ ~ w .  
'r 

t 

-SOHE A S S I G b P E N T  INSTRUCTIONS NEFPD TO BE CLEARER 
9 1 * 

AND HAYF H I N T S - F O R  P R O G W I N G  DESIGN.' 

STUDENT 10: (NO COMMENTS) 

1 3 .  Comments re. supplementary materials 

STUOENT 1: ( N O  COMMENTS) - ., 

1 
STUDENT 2 : T A P E S  CEWERALLY NOT HELPFUL. PFRHAPS THEY 

STUDENT 3 :  AUDIO TAPES ARE A B I T  TPOLGEP?ERA€,. 
/ 

STUDENT 4 : (NO COMMENTS) 
I -" 

STUDENT 5: TEXTBOOK BY LUEHRMAMJ 6 PECRFIAH WAS OFTEX 

USEFUL, 

STUDENT 6 :  (NO CQFMENTS) 

STUDENT 7 :  IT WAS DIFFIC<~ ~ I C A  T ~ + ' ~ * F I R s T :  TRY 
-Y - 

THE ASSIGNMENT, READ 'THE TEXn READ THE STUDY 

GUIDE,  OR L I S T E N  M T. TAPES. 



THAT OCCURED I N  THE PROGRAMS. 

- STUDENT 10: (NO COMMENTS) 
-- 7 -- 

L. 
14 .; Comments on the coupe 

f 
? 

I 

a. generally 
i 

S ~ U D E N T  1: I 'FOUND THE COURSE TO BE LABOUR INTENSIVE AND 
I 

WAS FREQUENTLY FRUSTRATED BY THE AMOUNT OF TIME 

, . 
REQUIRED TO FULLY UNDERSTAND A PROGRAMMING 

i 

PROBLEM. P R I O R  DISCUSSION OF PROGRAMMING 

TECHNIQUES WOULD W V E  BEEN HELPFUL. 
I 

STUDENT 2: I SPENT A GOOD DEAL OF TIME I N  A RATHER - - - 

\ , 
FRUSTRATED STATE DUE TO MISINTERPRETATIONS BOTH 

ON MY PART AS WELL AS BECAUSE O F - T H E  

A 

INPUT/OUTPUT EXAMPLES IN THE STUDY GUIDE. 

STUDENT 3: I T  COULD HAVE BEENDAN EXCELLENT COURSE IF I T  WAS- 

GEARED TOWARDS A SINCXE GROUP RATHER THAN THREE 

GROUPS AT ONCE. 
- 

STUDENT 4: T R I E D  TO COVER A LARGE AREA. SHOULD FOCUS ON 

a 

ONE ASPECT, 4 

2 

STUDENT 5: SHOULD NEVER HAY BEEN SPLIT - -  Thy0 -GROUPS. SET . 

I .  

I T ,  OR LEAVE I T .  
i " 

STUDENT 6: A GREAT DEAL OF WORK OF-WHICH I F E L T  I WAS 



f ', . 3 '- 

-2- '0 

STUDENT 8: E DON'T F E E L  THAT MY NEEDS A S  AN EDUCATOR WERE 
t) 

, 
MET. 

STUdfEWT 9:  FOtfWD THE C U S S  TIME OF P i t A R G f W  V&M. BEST , 
:* ' 

CLASSES 'WERE STRUCTURED ONES. ON 
I + 

L . *  

PROCEDURES, ARRAYS AND RECURSION. MOST OTHER f 
CLASSES HAD NO ~PPARENT PLANNING AND CAME ACROSS . 
AS VERY DISORGANIZED - A DANGEROUS THING .TO DO 

'C 

STUDENT 10: THE MOST ABSORBING COURSE I HAVE EVER TAKEN. , 

I ' M  HOOKED ON COMPUTERS. - 

b,  -compared ts  other c ~ p u t e r  programaing - courses you ntay 

have taken 

STUDENT 1: PERHAPS A L I T T L E  HEAVIER THAN MOST. 

STUDENT 2 : MUCH MORE COMPREHENS~IVE THAN U. B. C,  EDUC 2 17 

( B A S I C )  . WE TALKED ABOUT MANY THINGS BUT GOT 

I N T O  L I T T L E  DETAIL.  
t ' 

STUDENT 3:1 THE I N S T R ~ ~ O R  EXPLAINS HIS SUBJECT MATTER VERY 
- 

WELL. I ENJOYED THE COURSE, 

STUDENT 4: SAME AS OTHERS - CONFUSING. 



STUDENT 5: UNIMPRESSED - BLT LIKELY DUE TO THE SPLITTING UP 
OF G R O W S  ALSO I FEEL THAT THIS CfXRSE FOR 

p J a , ,  
WORKING TEACHERS SqCtlZD BE SPREAD OVER TWO 

- SEMESTERS WTTH CLASSES MEETING ON ALTERNATE 

WEEKS. THIS WOLZD GIVE STCTDENTS TIM? TO DIGEST 

THE MATERIAL AND TO COMPLETE ASSIGNMENTS WITHOUT 
- 

FAKING COMPUTING SCIENCE THEIR TOTAL LIFE. 

. STWDENT 6: I LEARNED MORE ABOUT PROGIWMYING IN O P T  601 
Q 

(THIS COVRSE) Tflkhi IW W T  103 (THE BEGINNING 

COUSE FOR COMPUTER SCIENCE STUDENTS). IN CHPT 

103 1 LEARNED HOW TO PASS THE COURSE BUT NOT 

MUCH ABOUT PROGRAMMING. 

- STUDENT 7:  ( N O  COMMENTS) 

STDENT 8: LESS THAN SATISFACTORY. 

STUDENT' 9 : TAKEN NONE. 

S r n P r n T  10: (NO COMMENTS) 

15. If t h e r e  were two t h i n g s  i n  course  you would  no t  want t o  -- - 
change,  what would they be? 

STUDENT 1: THE ASSIGNMENT WERE HELPFUL AND SHOULD REMAIN. 

STUDENT 2: THE SCOPE OF PROGRAMMING EXPERIENCE. 

STUDENT 3: THE ASSIGNHENTS. 

LACK OF A FINAL EXAMINATION, 

SmDENT 4 : PASCAL AS A LANGUAGE. 

LAB ,ASSISTANCE. 

STUDENT 5 : THE NUHBERrOF ASSIGNMENTS. 



STUDENT 6 : THE INSTRUCTOR, - 
COMPUTER TIME.  ;. 9 

STUDENT 7: TRE COURSE OUTLINE,  

i 

\ PROGlWfMING F I N A L  PROJECT.  

STUDENT 8: FEEDBACK ENTS WAS GOOD. 

THE STUDY DE WAS SOMEWHAT HANDY, 

PROPOSAL WAS GOOD BUT THE IMPLEMENTATIOI~ SURELY A 

2 

DESTROYED I T .  MUST HAVE A TUTORIAL ASSISTANT.  
i * 

STUDENT 10: THE PROBLJ%S. 

THE DOCUMENTATION. 7 
16, I f  there were two things i n  the course you would want t o  

I 
change, what would they be? 

STUDENT 1: GREATER EMPHASIS GIVEN TO EDUCATIONAL USES AND 

STUDENT 2 :  
- 

STUDENT 3: 

STUDENT 4 : 

STUDENT 6: 
;c 

MORE P E R T I N E N T L E C T U R E  T O P I C S .  

NO MORE ATTEMPS AT STREAMING FOR A B I L I T Y  AND 

BACKGROUND. 

L I M I T  THE COURSE TO ONE TYPE O F  STUDENT. 

NO GROUPING. -- 
L 

PRESENTATION OF CONCEPT MORE DIDACTIC.  

MORE SAMPLE PROGRAMS ( S I M P L E ) .  

LECTURES'SHOULD BE SCHEDULED ON DAYS WHEN 
- 

HOLIDAY WILL NOT CAUSE THEM TO BE CANCELLED. 

LAB OPEN HOLIDAY AND SUNDAYS. 

NO S P L I T T I N G  OF CLASS INTO GROUPS. 



< 

DEAL WITfi SHO (ASSIGIWEWTS) TEAT 

COULD BE W O ~ D  WITH AGAIN LATER. ON IN TKE , 

COURSE. 
c 

KEEP A GIZWP ING TOGETEER SO THERE IS 
< .  ... 

BEFORE Ah' ASS~GNHENT IS STARTED, AFTER IT I S  

STARTED, k ! D  JUST BEFORF I T  IS FINISHED. 

LECTURES WOLXD BE Y O U  INSTRUCTIVE. 

LABS WOULD BE HOE DIRECTED.  

STRUmRED C U S S  TIME WOULD HELP A LOT W I T H  

SPECIFIC DISCUSSION OF WEE TOPICS BEFORE THE 

HAVE ONE GROUP ONLY. - 
DISCUSSION OF EACH ASSIGNMENT BEFfrRE STARTING 

17 .  Are t h e r e  any portions which could have been omitted 

alto&'? 

STUDENT I : NO, 

$ a STLTPENT 2: "COMPUTERS IN SOCIETY" SHOULD B'E A SEPARATF 
;I 

COURSE. , 

STUDENT 3 : " C O M P m R S  I N  SOCIETY" TEXTBOOK WAS O ~ ~ A ~ ~ .  

STUDENT 4 :  COMPUTERS IN S O C ~ ? % ,  
i 

STUDENT 5: (NO COMMENTS) 

STUDENT 6: AS IT WAS. 

' . 
STUDENT 7: THE EXAMINATI0NS.L 

STUDENT 8: (NO COMMENTS) 



STUDENT 9: NO. ' 

STUDENT 10: (NO COMKENTS) 

18. Is there a quest ion I should have asked you about which you 

would l i k e  to comment. 

STUDENT 1 : LIGITENING THE WORKLOAD WOULD BE BENEFICIAL. 

STUDENT 2 :  (NO COPIMENTS) 

STW3ENT 3: CONSIDERING THE VARIETY OF STUDENTS IN THE C V S S  - .  

YOU DID WELL. . 7 

.. t \ 
STUDEWT 4 :  COURSE SHOW BE DIRECTED TO ONE GROUP;" 

DISCUSS MORE CONCEPTS. 

USE MORE EXAMPLES. 

STUDENT 9: SHnl!LD DISCUSS HUX TC! SET UP THE BASIC SHELL OF 

AN ASSZCNHENT. 
-. 

MORE DISSCUSSION MI HOW TO ORCAHIZE AN 



I. Analysis  and Comparison of t h e  Two Student  Ques t ionna i res  - - _ I - - '  

I n  summarizing t h e  r e s u l t s  of t h e  two sets of 

q u e s t i o n n a i r e s ,  c e r t a i n  background informet ion  needs to be taken  

- i n t o  c o n s i d e r a t i o n ,  In t h e  f i r s t  group, t he  undergraduate  

s t u d e n t s  who were taking t h e  cou r se  and using t h e  material from 

t h e  t h e s i s  were i n d i v i d u a l s  whose main i n t e r e s t  was i n  computing 

s c i e n c e  a s  a d i s c i p l i n e ,  perhaps as a t o o l ,  bu t  c h i e f l y  as a 

d i s c i p l i n e .  These s t u d e n t s  seemed t o  be q u i t e  happy w i t h  t he  

way t h e  course  was set up and witg t h e  in format ion  p re sen ted ,  

They found t h e  combination of t h e  t a p e s  and t h e  s tudy  guide  t o  
" 

be very use fu l .  Although they  d i d  no t  seem t o  have as much' 

f a i t h  i n  some of the work done in t h e  labs, t h e y  were helped by 
1 

the tapes t o  work on t h e i r  .own and do much more of t h e i r  own 

problem so lv ing .  None of them had had pre,vious c o u r s e s  i n  

computing which i s  o f  i n t e r e s t  when a  comparison is  made wi th  

t h e  second group of s t u d e n t s  who e r e  taking t h e  course ,  

The second time that t h e  cou r se  was prtmsred, 15 w a s  g iven  
', 

t o  gradua te  s t u d e n t s  tn t h e  Faculty of ~ d u c a t l ~ j . ,  'llhe~e 

s t u d e n t s  v a r i e d  i n  t h e i r  reasons  f o r  t ak ing  the eourao: some 

wanted it  f o r  t h e i r  own use only, so= were using it for 
- 

a d m i n i s t r a t i v e  purposes ,  and t h e  rest were i n t end ing  t o  teach 

-ad ' 
computing cou r ses  a t  t h v J u n i o r  o r  secondary level. Some of 



these  graduate s t i t d i n t s  had had previous courses  i n  computing, 

but only one of t h e  s t u d e n t s  who anevered the  ques t ionnai re  

(STUDENT 6)  had taken a compufing course a t  S i m  Rauer 

Universi ty.  A s  a group they found (the course iKFFicurt;  E e y  
- - - 

t - -- - 
- 

-wished t o  have more i n s t r u c t i o n ;  they wished t o  have more . ,  

information about the exainples and wanted U&Q h e l p  i n  working 
i 

o u t  t h e  ac tua l '  problems of the c o u r L  , 
- 

It would seem i n  comparing these  two groups of s t u d e n t s ,  

t h a t  there may be a need f o r  a s p e c i a l  type of course f o r  tho- 

whose specific i n t e n t i o n  i s  t o  teach computing techniques i n  the  

regu la r  school system. The o r i e n t a t i o n  of t h i s  t h e s i s  w a s  

toward a p f f o t  project t o  set W k t  could be h e  by cdfnfrrg 

the  use of a textbook, a study guide and a series of tapes. For 

t he  computer science students t h i s  seems t o  b a very use fu l  

method, but for be graduate s tuden t s  i n  ;ducation, t h i s  course a 

the idea ~f the csurre was presented t o  these  educat ion 
- 

students, Ir eecsas t h a t  they f e l t  they were e n r o l l i n g  i n  a 

course which was to be a genera l  overview of computing i n  



taught as a mninly self-directed type of activity. Tht 

conclusion that can be drawn is that for those people who are 

iqtereeted in becoming computer programmers and are perfraps 

\ w -- I c 

inten fag t o  take Further courses, €he tapta,  E otudy g53diF 

artd the  textbmkumoke a reasonable coabfnotion snd w i l l  allow 

these students to  satf8fy nost of t h i r  course needs. 

For those individuals who are w o r k i q  within the echo01 
9 

system and uho are l i k e l k t o  have expectations of a "methods" . 

effective, It should be pointed out that the teachers uho were 

taking the course tended to be c r i t  i c s l  of the a=t lu l  ped.gogy 

f e'nc €EFT 6tE course fn g m m Z  m d  t3ie vry in wW#s eirt 

rto structured, rather than with h r h e r  or not they wrrt 

learning how to do the progrliaaing exerciees which were 

assigned. 

The make-up of a course for univcraity students f s  l i k e l y  

to be w w s b t  dffferlmt from a €*& & the jttt,kK @ 

secondary level. For thcae levels there fa not the same amount 

of work t o  be cmered, the& is l e s s  depth of explanation and 
* 
i 

tkert i a  mrc opportunity and tine in which t o  present the 

course u t t r i a l :  lbcrc ~ I B  also conalderably mrc t i r  arhhblc  

for discusgian of particular item at the uecondary school 

level, Perhaps the people i n  the second group u b  art 
t 

"methods" course rather than taking a coutre for their o m  



fntroduct ion to another d f s c i p l l n e .  

This 'summrp' would indicate that there ia room for the 
- - 

development of a different type of course for education 

p r o f c s s i m a l s .  Ir w u l d  l i k e l y  be a course which they 

t h e m l v c s  would be able to prebent to  their students a t  the, 

junior and secondary lcvela i n  t h e  regular echo01 eystem. Prom 

the pofnt of view of courses i n  which the student is learning . 
t>e basic pr inc ip l e8  of prbgruing  in order to be a b l e  to do 

pragrrreinp, it muld seam that the currear c+hmtion of 

textbodk, tapes and study guide are sat is factory,  If in  the ... 
future t h i s  coursc were glvm..,tg a sirilsr group of professions 

educators, th fe  difference fn orientation would have to be very 

care fu l ly  s p e l l e d  out t o  t h e m  in advance. 

'Fhe official dcssrtptictn sf the CXET 103 coultst is: . 
" X ~ ~ ~ O W C I ' I W  TO A PROGRNMING LAHGUAGE FOR COMPUTING 
SCIENCE WORS/WIN?lRS/HONORS - Thia course introduces 
the  Ccmputi~g ~ f b r # W h u r / ~ m o r e  student to a 
WlrgsaginP -4 R n P t r  rinP 6 
teehniquce such as looping, decision larking, 
construct fon  of subroutines, fnput/output handling and 
docustntation, F m p h s i s  will be given to teaching the 
student techniques of etruciured progtanrfng ," 

The way t h e  gfPT 103 course is taught at present d i f f e r s  chief ly  
3: 

In terns of t h e  use of tapes, Tht course makes u s e  of 1s turee R 
V 

and labs.  together w i t h  the textbook and study guide, fhe , 

course proposed in this th ta ia  would make use of a text and a 

+ r % & & ~ & ~ ~ t ~ ~ * - u r t r l t  

muck more fndepen and r e l y  less on lectures and lab .  
> 



The CMPT 103 courue 

most of the s t u d e n t s  who 

was designed with the expectation ttut 

graduate from the course  w i l l  major i n  

computing science.  The approach the re fo re  Is t o  b v e  the 
- -  

s t u d e n t s  start problem solving. a t  a very early stage. They are 

t o  so lve  as much of the problem as they can on &heir o w  in , 

prepara t ion  f o r  the mere advanced theory they w i l l  be &dying 

i n  the  fu ture .  For those who are not intending t o  work toward a 

degree i n  computer sciencC, the idea  i s  s t i l l  t o  guide  t h a  

toward even tua l ly  ~ c d n g  systems a n a l y s t s  - not  j u s t  
+ 

progr-rs o r  co'ders. 

This t h e s i s  has shown, however, t h a t  there i s  a need f o r  

both a s e r v i c e  course and a t echn ica l  course i n  which t h e  

s tudent  can l e a r n  t h e  very basic d e t a i l s  of progr-ng without  
A0 

being taught  t o  design a very l a r g e  c ting s y 8 t l a  - a series 
of i n t e r r e l a t e 4  programs. Such a course would r e q u i r e  

considerably more i n s t r u c t i o n  i n  t h e  classroom and mny rore 

worked-out examples i n  the  textbook, the  s tudy guide and the 

audio  tapes, Oaly a mall amount of o r i g i n a l  work would be 

required. of the  latter student .  



This thes i s  has addreesed d i r e c t l y  and indirect ly  several 

questlone which should be considered when developing a 

se l f -d irected computer prsgramfng courae, particularly: 

a,  Is the  dmelopment of a good computer program dependent 

mainly upon t h e  understanding of basla concepts - the 

theory? 

b. Can.the understanding of concepts be replaced adequately 

by ttatnlng - 'how t o '  - vhich dms,not  emphl~fze . 
concepts but r e l f e e  on prac t i c c  and experience?- 

. _ teaching r beginning g r a g r n r r ?  

The basic predre for the dcwelopmeot of the course 

f e that rks theory sf p r s b l e w s s l v i n ~  tschniques such as 
\ 

analysis of the probla, stepwise specification of a 

sulution a ~ ~ o r l i h a  and finaHp. the srrwturtd-langlugt 

implaaentrtion sf  the  so lut ion algorithm can be taught. 

However, is this knowledge retained by tht rtudent 

rithout the  b t n t f i t  of the m d i a t t  applications of the - 

\ , 

p r i n c i p l e s  learned? 
d 

< 
d .  If such application of the principles is nkessary ,  how 

.2 
much prrctice is needed m d  should that practice be' 

twoled or dfstrlbuted? 
% " 

& 

Rj@ survey results give some aaowrs t o  r e f l e c t  upon. I t , ,  

s h o u l d  however, be recsp ized  here,  that tach gucstlcril could be 
(I / 

a t h e s i s  topic in its own r ight .  In relation t o  t h i s  t h c s i s , t h e  



Those s tuden t s  who were i n t e r e s t e d  i n  becoming computer 

programers  aade good use of the  mate r i a l  which set ou t  

the bas ic  concepts  - the  theory of progr-ing. The 

graduate educat ion s tuden t s  on the  o t h e r  hand were not  

i n t e r e s t e d  i n  becoming prograamrers. From diecuss ion  
P 

v i t h  these s tuden t s  during t h e  course it seems that they 7' 

were i n t e r e s t e d  b a s i c a l l y  i n  knowing how to teach  

programming and were somewhatt i r~pa t4eu t  with o t h e r  

a spec t s  of t h e  course. 

There i s n ' t  a clear c u t  answer t o  the ques t ion  of 

t r a i n i n g  vs educat ion kcauae t h e  s tuden t s  involved a r e  

working a t  a  u n i v e r s i t y ' l e v e l  and were l i k e l y  t o  ask  

&, not ju;t how. In  o t h e r  words i t  seas  that - 
univers i ty  s tuden t s  a r e  p a s t  the  point  of being simply 

I 

t ra ined;  they need t o  know the reasons behind t h e  

, 
t r a in ing .  

a 

c ,  With t h i s  a s  a background i t  is poss ib le  t o  go on t o  

quest ion (c) and consider  what wo$d be a good mix of O 

t h e o r y w a p p l i c a t i o n  i n  teaching a beginning 
8 / -  

The ques t ionnai re  r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  two . 
d i f f e r e n t  approaches were involved, The t h r e e  s tuden t s  

wko wanted t o  l e a r n  programming were pleased with the  

emphasis on theory and the  opportunity t o  put t h e ' t h e o r y  

i n t o  p r a c t i c e  but on a l imi ted  s c a l e  of prac t ice .  - 



\ 
The s tuden t s  who were i n  - the educat ion courses  

b seemed t o  be rnnchdmore i n t e r e s t e d  i n  a methods 
# 

o r i e n t a t i o n .  Most expressed a d e s i r e  t o  know how t o  

teach t h e  sub jec t  of computer sc ience  in general rather 

than being concem'ed with the  d i s c i p l i n e  itself. .These 

s tuden t s  wanted t o  know w h a t  t h e  computer does - not the 
/ 

theory of  computer progrmming. Being p r o f c s s i o ~ a l l y  

t r a ined  educators  r a t h e r  than computer progrunmers, they 

wanted more information o h u t  how t o  teach the subjec t .  

This  was a reasonable request as they were not 
t 

i n t e r e s t e d  i n  g iv ing up the  d i s c i p l i n e  of pedagogy f o r  

t h e  d i s c i p l i n e  of computer science.  

d. A s  f o r  u s e  v s  d i e t r i b u t c d  p r a c t i c e ,  h a r i n r  taught  many 

computiqg-flogramming courses inc luding t h e  "new" course 

, % 

descrjbed i n  t h i s  t h e s i s ,  the  author  f e e l s  tkt p r a c t i c e  

i n  the  a p p l i c a t i o n  of the  principles is more sucess fu l ly  J 
taught i n  a d i s t r i b u t e d  aa with  a gradual  b d i l d i n g  

k' from t h e  known t o  t h e  unknown rather than with l.rge 
i 

F amounts of theory being presented a t  one time, 
I 

- 9 

. - > .- 
\ The use of t apes  makes i t  poss ib le  t o  implement 

t h i s  idea  of d i s t r i b u t e d  p r a c t i c e  as t h e - s t u d e n t  can go 

back and review the mate r i a l  and i t t empt  k i d i t i o n a l  
" v 

problems which w i l l  help i n  the  underatanding of the 

bask princfples involved 9 



P 

G. Recommendations for Further Study - - - - -- 

As the thesir involves devalopentaJ w r k ,  this new PASCAL 
- - - 

course w i l l  need to be c l o se ly  examined t o  determine i t e  worth 

compared with traditional mcthods of teaching, An experimental 

course could be designed i n  which groups can matched t o  

compare various colabinations of teaching methods to f ind out - 3 
uhich btthds achieve the best and"mmt l a s t i n g  reuulte,  

E x f n r h n t s  c w f d  be conducted Lo +ee how different grmpa work 

using the  ordLnrry classroom ingtructkn,  using that textbook 

p l u s  tapes and study guide ,  or using all of t& a s  a--=A----- 

In the three years the author ha. been tcaihing CXPT 103, 
94 

the couf ae ha. grown from 250 s tudents  to  800 students. 9% 
h i n  clasa size ref lects  the current i n f a t d t i o n  with - 

computers. This type of grcwth has made f t  p o s s i b l e  t o  assess  

eke effectiveness of warious apprweks but only in a subfcctfve 

way, 'TAe pressure of the eudden incream In enrolment has not 

allowed tim for real experirc+ntation end aaassament In depth. 

Some large academic departaentr bavc made it compulsory - for , 

t k f r  s t d e n t 3  t o  take a t  least one coaputfng course. The 

result is very large classes c c m p u ~ d  of t w o  quite d i s t i n c t  

groups s f  studento - those w h  

those who w s t  take 8 computer 

appropriate textbooks, Jecture 

elrosinstions becomes difficult 

want to ltam prograaraing aMi . ' 

c The prablym of se lect ing 
- 

matrrf&l, extrcfase and 

under these conditions. 



There i s  however more f l e x i b i l i t y  I n  t h e  human element  s 

involved;  i n s t r u c t o r s  and t each ing  a s s i s t a n t s  can ad  j u s t  more. 
* 

r e a d i l y  t o  t h e  new demands. 

% 
Some of t h e  a d m i n i s t r a t i v e  problems i n v o l v e  f i n d i n g  enough 

q u a l i f i e d  people t o  s e r v e  as i n s t r u c t o r s  and l a b .  a s s i s t a n t s ,  

p rov id ing  s u f f i c i e n t  t e r m i n a l s  and o t h e r  mechanic& 
t 

requi rements ,  and s u i t a b l e  s tudy  and Gork space f o r  s t u d e n t s .  

Another problem which i s  n o t  too  e v i d e n t  a t  t h e  p r e s e n t  

time bu t  w i l l  become i n c r e a s i n g l y  a p p a r e n t ,  i s  boredom when 

s t u d e n t s  who have had a c c e s s  t o  computer i n s t r u c t i o n  e i t h e r  a t  
# 

home o r  i n  t h e  r e g u l a r  s choo l  system a r e  asked t o  do work which - 
I 

. . 
they  have a l r e a d y  covered.  Along s i d e  t'hese shmewhat 

exper ienced s t u d e n t s  w i l l  be those  who, wh i l e  i n t e l l i g e h t ,  a r e  

a lmost  complete ly  na ive  about  computers and computer s c i ence .  
P 

9 .& 
For tund te ly ,  most of t h e  s t u d e n t s  who a r e  i n  computing 

cou r se s  a r e  a l s o  i n  cou r se s  which a r e  r e l a t i v e l y  s t r u c t u r e d  - 
kh.4 

, commerce, mathematics,  e t c .  The a r t s  s t u d e n t  who come i n t o  t h e  

. cour se  may have d i f f i c u l t y ,  bu t  a r e  u s u a l l y  aware of t h e  

d i f f e t e * c e  of apprciach between bhe s c i ence  cou r se s  and t h e  ar ts  

cou r se s .  

+ 
Thi s  d i s c u s s i o n  of t h e  problems of t h e  c u r r e n t  beginning 

1 

programming c o u r s e  a t  Simon F rhse r  Un ive r s i t y  p o i n t s  o u t  t h e  

need f o r  more t han  one approach t o  t h e  t each ing  of such an  

i n t r o d u c t o r y  computing s c i e n c e  course .  



A recommendation would be t h e  development of t h r e e  
5 

? 

d i f f e r e n t  c o u r s e s  a t  t h e  i n t r o d u c t o r y  l e v e l .  One cou r se  would 

be for t hose  s t u d e n t s  f o r  whom computer s c i e n c e  i s  a d i s c i p l i n e ;  

i n  t h i s  course  t h e  emphasis would be on t h e  t heo ry  and 

p r i n c i p l e s  of computer programming wi th  s u f f i c i e n t  e x e r c i s e  

m a t e r i a l  t o  a l l o w  t h e  p r i n c i p l e s  t o  be app l i ed .  The e x p e c t a t i o n  

i s  t h a t  f o r  t he se  s t u d e n t s  t h e r e  would be f u r t h e r  cou r se s  i n  

computer s c i e n c e  and t h i s  p r e l imina ry  course  would be t h e  

founda t ion  m a t e r i a l  f o r  them. 

A second cou r se  would be designed q u i t e  f r a n k l y  f o r  , 

stzdd(nts who are rak ing  B course because i t  i s  compulsory. For 

such s t u d e n t s  t h e  emphasis would be on how computers f i t  t h e  

kind of  work they  a r e  l i k e l y  t o  be -doing. There would be 

emphasis on g e n e r a l  p r i n c i p l e s  but  no t  t o  t h e  same dep th  a s  in , 

t h e  prev ious  course .  There would a l s o  be so& p i a c t i c e  and the  
I 

o r i e n t a t i o n  would be toward&king  i c  poss b l e  f o r  t h e s e  
% 

s t u d e n t s  t o  work wi th  programmers. an'd t p  un e r s t a n d  what may o r  - a 
may not  be expected of computers i n  everyday use.  

Tl-te t h i r d  course  would b+ designed f o r  s t ~ d e n t s  who ' a re  i n  
C 

i' 

a Facu l ty  of Educat ion and who wish t o  know enough abou t  

computing s c i e n c e  t o  be a b l e  t o  t each  i t  a t  a more ,bas ic  l e v e l ,  
t 

such a s  one would f i n d  i n  j un io r  o r  secondary schools .  

The cou r se  des igned  f o r  t h i s  t h e s i s  i s  r e l a t e d  t~ t h e  f i r s t ,  

group of s t u d e n t s  mentioned above, bu t  t h e  t a p e s  would be an 

, i d e a l  way of supplementing t h e  r e g u l a r  cou r se  k t e r i a l  t o  make 

i t  more compat ible  w i t h  t h e  needs  of each  05 t h e  t h r e e  groups.  
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F ive  cassette tapes* containing nine audiotape lectures are 
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(nine lectures on 5 cassette t a p s  are attached to this . 

document ) 
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- Preface 
- ,  

As computing courses a t trac t  more and mare students, the 
diversitv of backgrounds of those student8 tncreaats. Wkth t h i s  
d i v e r s i t y  and w i t h  the range of i n f a m a t l ? n  14 conputbng actcnce, 
everv  poesihle h e l p  should be made available t o  the  students and 
t h e i r  instructors, - . 

4 

9 

This rlnlirse hats k e n  4esigraed to incarporetez_new epproaeheec- 
and exercises  so the concepts and preblens 
texrbooks. I t  m p h a s f s c s  the self-directed study a proach and is 
w s t  r m p P e ~ ~ ~ t n t e d  Irv labnratorv periods in which t e students can 
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P I 7  ";B 
3 I n t r o d u c t i o n  

b 

' ? . -  

3 
This  PASCAL s e l f - d i r e c t e d  s tudy  course  i s  b s e d  on t h i s  

s tudy  guide  p lus  the P;'Introduction t o  PASCAL Inc luding  UCSD 
PASCAL" textbook by Rodni'y Zaks. - 

2 - 
/ 2 

~ s s i g n m e n G ,  P r o j e c t  and Examinat i o n s  - -- 
-. + 

This  i s  a sel f -paced course .  It is-  designed t o  g i v e  .you 
maximum f l e x i b i l i t y  i n  de te rmin ing  yo= work schedule .  
~ou r -~ i iX&cto r  w i l l  determine th; l e n g t h  of  time i n  which you + , . 
a r e  t o  cqmplete t h e  'cotfrse and when .$a te r ia l  i s  due. 

<--A* I 

Examinations % based on t h e  m a t e r i a l  covered i n  t h e  l e c t u r e s  
and t h e  e x e r c i s  i n  thg  s tudy  guide and t h e  textbook. - 

i f  

You a r e  r e spons ib lg  f o r :  

> 
'3 

1) All m a t e r i a l  covered du r ing  l e c t u r e s .  . - - 
. . - -  - - 

2 )  Submission of a l l  ass ignments  and t h e  f i n a l  
p r o j e c t  

- 3 )  S i t t i n g  f o r  bo th  a d f i n a l  writtep examinat ion and a 
f i n a l  o r a l  examinat ion %. 

* 
I 

Midterm examinat ions  w i l ? ,  be g iven  a t  c e r t a i n  t i m e s  ' ( to  be 
' announced) throughout the semester  as p r e p a r a t i o n  f o r  t h e  f i n a l  
8examinations.   he purpose of t h e  midterms is  t o  a l l o w  t h e  
s tuden t  t o  a s s e s s  h i e  , o r  h e r  unders tanding of t h e  concepts  and 

/ 

m a t e r i a l  covered a t  k6y i n t e r v a l s  throughout t h e  course .  The a 

.i 
I 

course  i n s t r u c t o r  w i l l  de t e rmine - the  method o f  e v a l u a t i o n ,  

Lec tures  . _ 
k8 

&There a r e  n i n e -  audio t a p e  l e c t u r e s  cover ing s e l e c t e d .  
c h a p t e r s  of t he  s tudy , ?gu ide rand  t h e  textbook. The purpose of 
t h e s e  ta'pes is t o  expand upon the  conceptual  m a t e r i a l  p resen ted  
i n  t h e  s tudy  guide  and  t h e  textbook. a,nd w i l l  serve ' t o  broaden 
t h e  scope of t h e  s t u d e n t s  unders tanding o f , t h e  course  m a t e r i a l ,  

i 



Open Laboratory 

m e  w U  'bt severat apes -fskxrattozy perxecb a L w &  - 
Laboratory attendance is  not -&tory but you should attend tvo 
or t h n t  ~ s s i u n s  1 k S e l f d i r c c t e d v  n o w  
doing everything by yourself. Do as auch as you c4a on your ovn 
a d  then ask for'help i n  the labs. 

leaching Assistants 

Your itssignmtnts w i l l  be ~ r k e d  by the teaching a s s i s t a n t  to  
whom you have been assigned, but during the l a b  periods you may 
get help  from whichever teaching assistants are an duty. 
This arrangcaent has the advantage of g i v i w  yuu e variety of 
apprcmchm to  salving your problems. rc 

- -> 



Stud W d e  2- 
- - - - - 

Ihe study g d d e  is divided i n t o  e igh t  chapters  and two 
a a - 8  ULd a r  15, art-the 
appendices of the tertbaak. 
Chapters 12 t o  14 w f l l  not be covered in this course, 
ite th sequence of problcps is  xwt alvmys the  same i n  the study 
guide a s  i n  the textbook, i t  i s  beat t o  check the  study guide 
careful ly ,  

Each chapter of the study guide is divided i n t o  prrts A,B,C 
and D, with sostctiatsr an addi t ional  Part  E o  

Note t h a t  the chapters  in the study guide are  designated by 
r-n mnrerafs -f,II,•’fI, ctc., and the chapters i n  t)re textbook 
by Arabic ntrererals - Z,2,3, ew. 

Part A i s  a resding ass ignwnt ,  i n  which you w i l l  be to ld  t o  
carry on reading tbt study guide or  t o  read certain port ions of 
the textbook. 

Par t  B 
2 -- - < 

Part  B suggests exercises frpm the  textbook which should 
provide a self-check mechanism t o  rake sure you have learned the  
material .  Sometimes t%e e x e r c h e s  wZn afso MGt out a l t e r n a t e  
'coding' methods and iptportant ' s tateaent '  l h l t a t i o n s .  

Some of the e x e r 4 s e s  a r e  of the shor t  quiz type, o the r s  may 
require an extensive amount of work. You are not expected t o  
attempt a l l  the exercises.  Do as many as a r e  necessary t o  gain a 
f i rm grasp of tk chapter material .  

The exercises may a l s o  be used as a source of help i f  you ' 

sake a note of any questions o r  a l t e r n a t i v e  'solutions t h a t  you 
would l i k e  t o  have checked>in the lab. @riods. 
Hidterms arid final examinations are b s e d  on the exercise 
problems. 



Part  C cons i s t s  of a ' re f lec t '  sect ion whikh containe a few 
--tem--rs = tt3 
bring s p e c i f i c  poin ts  to your a t tent ion .  

b 0 f= 

Par t  D contains the aesi&nt. The way i n  which the 
assigument is t o  be prepared and handed i n  is set out i n  d e t a i l  
i n  appendix B of the study guide. 

Your T.A.'s cmmmts on each ass ignmat  are used as a 
teaching technique, sa it $8 k t  to hand in one assignment at a 
time t o  avoid los ing  laarks by repeating e r r o r s ,  
Check with your i n s t r u c t o r  if you do not plan t o  follow this 
pat tern ,  

'P 

Part E -- 

Par t  E includes m t e r i a l  which is  s p e c i f i c  t o v  a given 
chapter but which doesn't f i t  i n t o  any of the o ther  par ts .  
This pa r t  may a l s o  --in addi t ional  assignerents. 

The next sec t ion  is  'an  Introduction t o  the APPLE-PASCAL 
system. If you are already f a d l i a r  with the! APPLE-PASCAL system 
turn t o  chapter I of the study guide, 



Introduction of the APPLE-PASCAL SYSPgn -- 
The purpsc of tMr wrrteuF I3 t6 ci%pIain 3nFieij fWWI P1&EAE-- 
mrks uad to prorfde you vith a short opatrritv af t h  

- s d r t r F f i a l m  or an 
actual  terrirml semion. This Wteup Is intended to get you 
s t a r t ed  ~ 5 t h  your f i r s t  sessftm on the terminal and contains only 
a very d l  portion of the,lany AWLE-PASCAL -tam' collrando 
available , 

Ln order to  mice use of the f u l l  puer of dPPLE-PASCAt, you 
w i l l  need t o  rcad the APPLE-PASCAL Operating System Reference 
Manual as well as tbe APPLE-PASCAL Language Reference ~ u a l . ~  

The APPLE-PASCAL system .am be thought af as an elect ronic  ' 
system *ich s tores  information in the form of f i l e s ,  the same 
way you wouXd s tore  infornution i n  a f i l e  cabinet, Thit 
information may be an essay, a business document, o r  i n  this 
case, a PASCAL progr-, 

The APPLE is a microramputer - a 8-11 coaputer designed t o  
f i t  in to  a very compact space. 

Like any other computer, large o r  s m a l l ,  i t s  function is  t o  . 
process very s b p l e  instructions. Although the instructions a r e  
simple, the way a l l  colputers accoaplish t he i r  work is through a 
corplex sequence of thee simple instructions. 

Depending an the  c-mputsr -1anguat  &asen, instmctians ran - - -- - -  

be processed a t  var iow levels, from s h p l e  t o  complex, 

In order t o  process ins t ruc t  ions, every" computer has several 
thousand storage locitions which a r e  used t o  : 

a. sto- the instructions 

b. s tore  the data re la t ing t o  those instructions. 
- 

For example, the  coaputer had stored the Instruction "ADD 2 + 2", 
it m u l d  a lso  have t o  s tore  both of the 2'0 as  data. 



The basic hardware of the computer responds only to 
"low-level" machine language instructions. As machine language 
is extremely tiresome for human beings to work with, most people 
write instructions for computers in "high-level" languages such 
as PASCAL. The instructions are then translated into a low-level 
language (machine language) which the basic hardware can 
understand, 

The instructions for doing the translation from the high 
level language to machine language are themselves usually written 
in machine language. These special machine language instructions 
are known collectively as the compiler. 

Even though the work is slow and tedious, there is a good 
reason for communicating with the compiler in machine language. 
The resulting code (a term for any high-level or low-level 
computer instructions) is far more efficient than a code derived 
by first writing the instructions in a high level language. 

As the compiler will be used time and time again to 
translate your high level language, it is important that it be as 
efficient as possible. 

Some Technical Explanations 

APPLE is a computer 

PASCAL is a high-level language 

The computer responds to a low-level (machine) language only 

You will work with PASCAL, a high-level language 

Sets of instructions in any language (high-level or 
low-level) are called programs 

There is a "go-between" between your PASCAL instructions and 
the necessary machine language. This "go-be tween" is a 
program called the compiler. The VASCAL compiler translates 
your high-level language PASCAL to a low-level machine 
language 

The machine lan~uane resultinn from the com~ilation of a - - - 
high level language is usually called object code. In the 
case of PASCAL it is called P-Code 

A person who writes instructions for a computer is called a 
programmer 



The APPLE-PASCAL F i l e s  

A f i l e  i s  any c o l l e c t i o n  of s ta tements  , commands, d a t a ,  
e t c .  which you type  on t h e  t e rmina l .  In order  t o  make use  of 
t h i s  way of ' f i l i n g ' ,  i t  i s  important  t o  understand t h e  
APPLE-PASCAL d i s k  f i l i n g  system. 
APPLE-PASCAL f i l e s  a r e  d iv ided  e s s e n t i a l l y  i n t o  t h r e e  groups: 
system f i l e s ,  permanent f i l e s  and work f i l e s .  

System F i l e s  

These a r e  f i l e s  con ta in ing  a l l  system programs and a r e  used 
t o  : 

a. prompt you a t  t h e  t e rmina l  and i n t e r p r e t  your response ,  
i .e.  they  c o n t r o l  t h e  E(D1T mode, F(1LER mode, e t c .  

b. p rocess  your PASCAL program, i . e .  C(OMP1LE and R(UN 
modes. 

Do no t  worry about  "E(DIT, F(ILER, C(OMP1LE and R(UN, e t c .  a t  
t h i s  po in t .  They w i l l  be d iscussed  i n  d e t a i l  l a t e r .  

Permanent F i l e s  

These a r e  f i l e s  which you c r e a t e  and s t o r e  under names of 
your own choosing. You may work on them by "G(ETingU a copy i n t o  
your work f i l e ,  making t h e  necessary  changes and re-saving t h e  
f i l e .  



Workf i l e s  

During any g iven  s e s s i o n  you may c r e a t e  o r  work on more than  
one f i l e .  Your w o r k f i l e  i s  a copy of t h e  permanent f i l e  on which 
you a r e  c u r r e n t l y  working. The G(ET command i n  F(1LER mode w i l l  
pu t  a  copy of any permanent f i l e  i n t o  t h e  work f i l e .  

When you choose a  permanent f i l e  t o  be worked on a s  your 
work f i l e ,  t h e  o r i g i n a l  of t h a t  f i l e  i s  l e f t  unchanged. I f  you 
want t o  i n c o r p o r a t e  t h e  work f i l e  changes i n t o  t h e  o r i g i n a l  f i l e ,  
you must re-save i t .  

This  i s  analagous t o  t h e  process  of making a  photocopy of a  
f i l e  i n  t h e  f i l e  c a b i n e t ,  making some c o r r e c t i o n s  ( t h i s  s t e p  may 
involve  r e t y p i n g  t h e  f i l e )  and r e p l a c i n g  t h e  o r i g i n a l  f i l e  w i th  
t h e  updated ve r s ion .  I f  t h e  updated v e r s i o n  f o r  some reason i s  
no t  put  i n  t h e  f i l e  c a b i n e t ,  then  t h e  o r i g i n a l  f i l e  s t i l l  remains 
a s  t h e  c u r r e n t  ve r s ion .  In  o t h e r  words: 

- I f  you start wi th  a  permanent f i l e  c a l l e d  INFO you use  a  
copy of i t  a s  a work f i l e ,  l e av ing  t h e  o r i g i n a l  i n  t h e  " f i l e  
cabine t" .  

- I f  you do n o t  make changes t o  t h e  f i l e  c a l l e d  INFO i n  your 
w o r k f i l e ,  t h e r e  i s  no need t o  go through t h e  S(AVE r o u t i n e .  

- I f  you do make changes i n  t h e  work f i l e  and want t o  keep 
t h e s e  changes you have two op t ions :  

1) Give t h e  change f i l e  a  new name e g g .  NEWINFO and 
S(AVE it. This  now g i v e s  you two permanent f i l e s ,  
INFO and NEWINFO. 

2 )  I f  you don' t  want t o  keep the  o r i g i n a l  INFO f i l e ,  
S(AVE t h e  changed v e r s i o n ,  keeping t h e  name INFO. 
This  d e s t r o y s  t h e  o ld  ve r s ion  of INFO and p u t s  t h e  
changed one i n  i t s  p lace .  

F i l e  names may n o t  be longe r  t h a t  15 c h a r a c t e r s  inc luding  t h e  
.TEXT" s u f f i x .  

Read t h e  " In t roduc t ion  and Overview" s e c t i o n s  of t h e  
APPLE-PASCAL Operat ing System Reference Manual be fo re  going on t o  
t h e  fo l lowing  Sample Terminal Session. 



A Sample Terminal Session - 

Place t h e  d i s k e t t e  marked Apple1 APPLE-PASCAL i n t o  t h e  d i s k  
d r i v e  marked wi th  a  1 (This  i s  a l s o  known a s  VOLUME A4) .  

Place  t h e  d i s k e t t e  marked Apple2 APPLE-PASCAL i n t o  t h e  
bottom d i s k  d r i v e  marked wi th  a  2 (This  i s  a l s o  known a s  
VOLUME #5 ) . 
( I t  i s  p o s s i b l e  t o  u se  APPLE-PASCAL wi th  on ly  a  s i n g l e  d i s k  
d r i v e  a l though t h i s  is  n o t  recommended. Your i n s t r u c t o r  
w i l l  adv i se  you how t o  proceed wi th  t h e s e  two s t e p s  i f  on ly  
one d i s k  d r i v e  i s  a v a i l a b l e . )  

Turn on t h e  Video Monitor (As t h e r e  a r e  s e v e r a l  d i f f e r e n t  
types  of moni tors ,  s e e  your i n s t r u c t o r  i f  t h i s  s t e p  p r e s e n t s  
any d i f f i c u l t y . )  

With your l e f t  hand, reach  around t h e  back of t h e  computer 
( t h i s  i s  t h e  body on which the  monitor u s u a l l y  s i t s )  and 
f l i p  t h e  swi t ch  t o  "ON". 
The "POWER" l i g h t  on t h e  keyboard w i l l  l i g h t  up and t h e  
computer w i l l  come t o  l i f e  with a  loud "beep". A t  t h i s  
p o i n t  you w i l l  a l s o  s e e  t h e  red monitor  l i g h t  of t h e  t o p  
d i s k  (VOLUME # 4 )  l i g h t  up and the  d i s k  w i l l  s t a r t  t o  r o t a t e .  



This process  of t u r n i n g  on the  computer i s  c a l l e d  "booting 
t h e  system". I n  approximately seventeen seconds t h e  - 
fo l lowing  d i s p l a y  w i l l  appear  on the  v ideo  screen:  

COMMAND: E(DIT, R(UN, F(ILE, C(OMP, L(IN 
I 

WELCOME APPLEl, TO APPLE I1 PASCAL 1.1 

BASED ON UCSD PASCAL 11.1 

CURRENT DATE IS  da-mon-yr 

(C) APPLE COMPUTER I N C .  1979, 1980 
(C) U.C. REGENTS 1979 

I 
I 

The "APPLEl" i n  "WELCOME APPLEl" may be changed t o  your own 
name and "da-mon-yr" may be s e t  t o  t h e  c u r r e n t  day, month 
and year .  

A t  t h i s  p o i n t  you should begin t o  read  t h e  APPLE-PASCAL 
Operating System Reference Manual and become f a m i l i a r  w i t h  
the  v a r i o u s  modes and l e v e l s  of t h e  APPLE-PASCAL commands, 
i .e . ,  E(DIT, R(UN, F(ILE, e t c .  

Consider t h e  problem of being i n v i t e d  t o  e x h i b i t  a 
pa in t ing  a t  t h e  l o c a l  a r t  g a l l e r y  only  t o  f i n d  t h a t  your 
a l l o t t e d  space was h a l f  t h e  width of your pa in t ing .  One 
s o l u t i o n  might be t o  c u t  t h e  p i c t u r e  i n  h a l f  from t o p  t o  
bottom and d i s p l a y  each  h a l f  s epa ra t e ly .  The APPLE-PASCAL 
system h a s  a  s i m i l a r  problem t o  which they have app l i ed  t h e  
same s o l u t i o n .  

APPLE-PASCAL a l lows  80 c h a r a c t e r s  of PASCAL code t o  be 
typed on a  s i n g l e  l i n e  b u t  t h e  v ideo  monitor can d i s p l a y  
only 40 c h a r a c t e r s  pe r  l i n e .  To s o l v e  t h i s  problem APPLE 



1. * C r a t X ? ,  "CTRbC?, etc. B#rrkr to d & y s  held d n n  -- 
the *CraLt) drty ff rat kfore pressing the seed My. - - - i 



5 ,  The first m p  in  witfag a PASCAL f s ee erareq a 
f i le  to put fit a, Alt)wmgh t k e  are several y.ys to do 

A_ this, thc u ~ l e s t  one frr to go directly into E(DIT rbda by 
p n u i n g  5- art the ice-rd. If a mkfi le (refer to  the 
APPLE-PASCAL OpQratiag S y a t e ~  Refereace Manual i f  gou u a  
'still not farim rLith tbr coapcrpt of r mrtfib) dread7 
existed, it d n w  be "Tardad" (rode -labla for - 
editing) 

ta 





The right hand side of the screen d l 1  s h w t h e  rest  of the 

Having seen the rest of th&=ge i t  would be a good idea 
back to  the l e f t  hand side of the screen-as th i s  i s  

usual1 "'4 the s i d 9 m s t  worked upon (Press "CTXU-An againl. 
6- 

The message on the screen t e l l s  us that w e  have two 
choices : 

b, Press the "ESCn (escape) key followed by the "RETURN" 
key t o  leave E(DIT mode and rerum to  the "outermostw 
co~aaand level we were at  before. 



Since re want to write a PASCAL drogran, press the "RE- 
key (only) to stay in E(DIT mode. Having done th i s  you will 
notice that there are a new set of commands belonging-to the - 

E(DIT mode : 



The right hand side of the screen w i l l  show the rest  of the 
commands (Press nCllU-A") : 

Don't forget t o  conte back to the l e f t  hand side of the 
screen. (Press "CTRL-A") . 



6 .  We next want  the command I(NSRT to start inser t fng  f i n e s  of 
text i n t o  our w o r k f i l e ,  Press the key  "Iw to enter -I@SJtZ-+ - - - 

( i n s e r t )  mode. 
On the lef t -hand s i d e  ae ~ e t :  -- -- 

>INSERT: TEXT [<BS> A CEUR,<DEL> A LINE] 



and on the r i g h t  hand side: 

- - - - - 
By now you should know bow t o  use the  "CTRL-A" fea ture  

t o  switch back and f o r t h  hetween t b  l e f t  and r i g h t  hand 
s ides  of the screen i n  order t o  read tk complete set of 
"IiNSRT" commands. These CORMKI~S allow f o r  the following . 
choices : 

a. Press the backspace key t o  de le te  a character  tha t  is 
not wanted 

b. "DELn Beans press  "CTRL-Xn t o  de le te  the  e n t i r e  l i n e  
you a r e  vorking on 

c. "EXT" means press  "CrlRL-C" t o  make the lines you have 
j=t t.@ - 4 = = = - - + n v n r r P ,  . 

d. \  Press the " E S P  key t o  get r i d  of everything you have -- 

typed i n  s ince your. most recent ent ry  i n t o  "I(NSRTn 
mode 



T%e cursor ( t h t  white square which lndicatea where on the 
f 

screen you are about to  w r k )  w i l l  wseen a t  the top l e f t  

. , 
b type i n  the follow3.q progrinit. Press the "EETUlW b y  ' 

a t  the end of each l i n e  i n  order t o  begin a new line. 
d 

Again, remmaber t o  start typing - under the inser t  coanrands. 
Do not type i n  the  folowing l ine:  -- 
w > ~ s ~ r :  TEXT (<Bs> A ' ~ , < D E L >  A LINE~~. 

This is an APPLE-PASCAL system prompt, not par t  of the 
PASCAL program. b$ 

I 
>INSERT: TEXT [<BS> A CHAU,<DEL> A LINE] I 
PROGRAM - - - - - SUM( IpUT, OUTPUT) ; 

- - - - -  - - 
- - - - - - - 

-- -- 

(* TBIS PROGRAMS READS IN TWO NUMBERS *) 
(* AW) PKWTS OUT THEIR SUM * 

- 
7. When you have finished typing the last l i n e  prem "CTRL-Cw 

in order t o  enter  these lines fwreauently Into your workfile ---- 
and retuh t o  the 'm-vel of corrrmand8. 



The above prompts allow you t o  lrvrkt one of five- posstble 
. bectstons caneerrring yoor +PD-le ( Y m  workff 3x e m f  us 

the program you have jus t  typed i n t o  the computer.): 

a ,  U(PDATE - keep a perwment record on disk (your APPLE1 
or APPLE2 disk)  of the  work you have just typed i n  

- rett-nB m-t- ---- k h l  -- - -- 

b, E(X1T - throw out the m r k  tha t  was just typed i n  
before returning t o  the o u t e m s t  colrrand level. #o 
record of the program tha t  w s  just  typed in w i l l  be 
kept 

c. R(ETURN - Go back t o  E(DIT mode. (You n y  b a v d u s t  

d, W(RITE - suve the  "uorkfilen as a pe-nent f i l e  under 
a na= of your awn cbosfng  and then re turn  to the 
o u t e m s t  commd l eve l  - 

e, S(AVE - i f  the wuorkfilew uas a copy of a f i l e  already d 

i n  existence, you may re-save t h i s  latest version under 
its old rums!, (To understand how t h b  fea ture  works, , 
see the G(ET co rnnd  i n  the APPLE-PASCAL O p e r e , ,  
System Reference t4nnual.j. 

9, In response t o  the above prompts, press "U" f o r  "UCPDATl!?, 
This- w i l l  cause your workfile t o  be .updated on your disk  
under the name " S Y S ~ . W B K , ~  as a permanent record of 

- - PBtfr- - 3 ~ ~ 4 3  "S--*l-l-- 
naae of any f i l e  or program you are currently worIdng qn, 
VQll 

;hi. m o o d  
pr 

c0-d. i n  the  APPLE-PASCAL Operating System Reference . 
Manual, Bleo,-find out how t o  display a l l  your f i l e  nprau, 



-re ls~y howlever be m e  rlQ& problem. Xf p a  ctid not 
type in the program correctly.' pcwufq( 8cUl ,mot p a  the 
compile stage, 1Qy errors a t r d  will; lm --oa - 

screen and you will' be pr- - t o  either cartttmue, or 
revert directly back "to %(BW isbc. If thir ir  the c r t ~  

screen editor, mi6 -44 tbrt yQu make ~ - a  tb t b  , - 
1-8 of t rx t  direct ly  o n * i h ,  +idea uaeftot by first ~ b $  
the curaor to t k  in the -0 that p a  wish to c m e  b 
and thcn'usi~ig the "E(DIl?' to A ( W W T ,  {copy), 
D(LETg (delete),  I(#Sl!€T (istmrtf, r t c .  

into the future. 

12, Once your program h a  c o r m  rad ram wmec*l]r, pX~asa a 



.CkR h- &ificy t%-%rferm ikay i ~ E c i c t i u %  6 oiE'i2Sp 
IS Mn biggi i t  -3 -iii-W#fig to crsrrt* d ~ t a r  ~ Z i i K ~ 3  
for r problem. '2&t c&puter uut be told every last &etdZ ef 
every sup, fiM axample, haw fau srrr conr&&ratd what is 
involved In the r h p b  action of cormtiq 1,2,3,4,5 ete, Hrmt, 
wtut *is f' 2,3? It is 8 am, kept fn r prrticuhr U t i w  ef our 
- --. -- 

rcrom. A mm of j h U i  A d i g i t  od., fraF an othar loc8tIm of 
our e r y ,  added to t h  pmvlrms ttr. ht, how did the 
nproeeqr" gat aimtad? Pur us, Wtw tlhe ia a- 
nensem, we 8 1 ~ a y t  begin rt "oncW, m r  8 v t e r  lms no 
w w n  (KIICIC"~ It a b @ k  8t eight Ur *$.at Or + 

wbercver it is  told to atart cmmtfng.. Purtkr, a amptttsr does 
not autoautically brtrr a f t b r  r Acmew ar =place t~ b l d  the 
s*". Beth of tbtse mast be a ~ o t e d a  rloag wit! a11 the o t b t  
s tcps requirad . - 

1 

m y o r t r ,  c-cutha obth caprrtcru rrrloua 
"lmgUa#mrn h8# b#n T?m hmgme#e par rfll be -fag 
is PASCAL. b e e 8  baww of tbe PASCAL h a  b.ra 
acqufnd, you csu ?state* ycmr compew r a a t t f ~ ~ ~ ~ t e  rPB prubbm 
slalution mtepi rin rrcmt €hm tn yearawa -. Art; 

is .ti11 not tbr lrmgrugls ttw. carprtter tradrrmuada. 



For programming purposes i t  may be u s e f u l  t o  t h i n k  of t h e  
computer a s  having f i v e  b a s i c  components: 

1. Inpu t  Device - 

PROCESSING 

Th i s  i s  s i m i l a r  t o  our  eyes.  It r eads  and makes d a t a  
( i n fo rma t ion )  a v a i l a b l e  t o  our  system. 

DEVICE 

2. Output Device - 

I .  

STORAGE OUTPUT 

Th i s  i s  s i m i l a r  t o  our  vo ice  o r  w r i t i n g .  It makes 
r e s u l t s  o r  answers a v a i l a b l e  t o  o t h e r s .  

CONTROL 
I 

3 .  Storage  

Th i s  i s  a  warehouse f o r :  

a .  i n p u t  d a t a  - each element of in format ion  must be  put 
i n t o  a s e p a r a t e  "box" i n  s to rage .  

b. o u t p u t  d a t a  - every answer o r  r e s u l t  must come from a 
"box" i n  s t o r a g e .  

c .  i n t e r m e d i a t e  r e s u l t s  - a l l  "work i n  process"  must have 
i t s  own box a s  we l l .  



4 .  Process ing  - 

Thi s  changes d a t a  coming from s t o r a g e  by adding d a t a  
elements  t o g e t h e r  ,comparing two d a t a  elements  and no t ing  
which one i s  l a r g e r ,  moving d a t a  from one box t o  an  o t h e r  
box, e t c .  A l l  " r e s u l t s "  of t h e  processing a r e  r e tu rned  t o  
s t o r a g e  aga in .  Usual ly  a  new "box" i s  used but  sometimes 
t h e  new r e s u l t s  may be put  back i n t o  an o ld  "box". 

5. Control  - 

Thi s  i s  t h e  ove r see r .  It keeps t r a c k  of t h e  program 
and d i r e c t s  t h e  computer t o  do the  requested s t e p s  one a f t e r  
an o t h e r .  

Now, l e t ' s  s e e  what happens t o  our  f i v e  components when 
t h e  computer works o u t  t h e  fol lowing problem which invo lves  
two d a t a  e lements ,  r e f e r r e d  t o  a s  X and Y. 
We want t h e  computer t o  read these  two d a t a  elements ,  add 
them toge the r  and p r i n t  o u t  a  r e s u l t ,  r e f e r r e d  t o  a s  Z. 

"Control" always t a k e s  t h e  i n i t i a l  r e s p o n s i b i l i t y .  The 
necessary  s t e p s  t o  s o l v e  t h e  problem might be :  

STEP 1: 

(Beginning of PROCESSING 
a program.) 

[TI DEVICE 
STORAGE 

1 ' I 

NEW PROGRAM 
FIND BEGIN STEP 

CONTROL 

OUTPUT 
DEVICE 



into storage ' C 

locations.) . 
' S  

> 

/ X - 1 0 .  .; pz-J ' DEVICE 
. Y i 1 5  

' . 

'INPZTT ~&Ic@- . , 
- - -  

* 

. iWCR4 INPUT DEVICE . - - .  . 
9 .  , . CONTROL ' . / 

SEW VALUES X,Y TO 
PPW=Essm, ADD, 
ItEPLfBB-Z-T6 - 



(Printing out 
tie resSiIitsTt 

I PRINT THE VALUE .FOR 
QN T'E@ WTmrr DEVICE 1 

- 

STEP 6 :  

f 

(Ending the 
process. ) 

L- * 
STORAGE 

11 [TI Fl 2 = 25 

x .  Y z 

DEVICE 

i * 
OUTPUT DEVICE 

- 
. I .  

STORAGE. 

0- 

STOP THE PROGRAM 

CONTROL 

,--- 
L A -  



Part k Read the! Preface a@ chapter 1 of the text. -- -- - ---- 

Pay special attention to the section "Algorftba and Data 
Structuresw. It is a h s t  i~apossible to sit down and code a good 
soluthn to a p&psmiqg p r o m  at a terminal. pimple try 
it hut 'this approach usually results in meted time and an 
Inefficient, sloppy salution. And more often than not the 
solution is incorrect. 

. 
Note that we will be using UCSD PASCAL on the APPLE-PASCAL --- - Z h L _ ~ ~ p m h a n c e  tbL -- - - -- 

PASCAL language and you will find it worthwhile to incorporate 
these features into your progk-ing. 

READ and WRITE (also READLIU nd URIlkLN)* s t a t n t s  are 
commonly referred as the If0 (Input and Output) statements. All 
programs must p r o b e  output and most program3 require sort form . 
of input, Can you thfnk of a computer program which docan't 
require input? 

Note: , 
fltc8a*exaq&e ~ ~ ~ ~ ~ ) i - t t ~ * ~ ' + 3 - - -  - - - - -  

the textbook is a mraeric one, The p r i r  reaeon being - - 
that nuerie problems are shorter to describe and * 
shorter to "code": If any of the'material presented is . 
confusing, seek k l p ;  do not struggle or avoid the 
.issue, Y o u r  r i a  emphuis &uld be on the order (@en 
to do uht) and on the uee of PASCAL syntax, not on tbe 
aritiaetic. -. 

f 

=e 



Docus?ntation and reudab i l i ty  are extremely fnportant  i n  ehs 
use of a n y , p r o g r d g  hnguage. 
Written c-nts inform the p r o g m r  hov,'lhen aqd where the  

Z 

- coda relates to each step of t b  ~~afutkotr afgcmtth~ - - - - - - - - - - - - 

Indentation c l a r i f i e s  the code and shows the  dependence and 
- 

d P%?% .a 
?:* *eL 

. . 
Part  B: exercises -- 

- 
4 .  

TJote:. I 

Exercises are included a f t e r  every chapter of the tnxt, 
' Their yurpose is  two-fold, %hel t o  provide a chance t o  

r e f l e c t  on your reading -and two, t o  provide - an. 
opportunity t o  point o a t  "lh&&sn or  "problesa~areas" * 

'quest- or- answers do not  make s e n e ,  tome t o  the fab A ---- 
a d  ask us a b u t  them. ----- 

I 

Part  C: Reflect sec t ion  
I 

1, Where i n  the program v o d d  you f ind  the fo l fo r i ag  ststesmtts 

$1 

2 ,  What PASCAL statement is required t o  diaplay ( p r i n t )  
infomat ion  on an output device? 

I 

3. . What PASCAL stateawst is required t o  bring i ~ f o r m a t i o n  i n t o  
the computer from an input device? -3 



4~ Whirh of  t he  following are NOT members of  PASCAL'S permanent- 

PROGRAM 

WRITE. - .  , ' , ,  
1 
(i 

If  you cannot answer the above quest ions  you should re-read t h i s  
chapter and seek he ip  from a T.A. o r  In s t ruc to r .  ' 

f 

Hake sure  t h a t  'you understand a l l  the  concepts of chapter  1 
b&fore procecdfng 6 ehaptet 2 ' You wtff of ten f h d  that w h e n  
some mater ia l  on- the page you a r e  reading doesn't make sense t o  

- you, .'ih ,:reason i s  t h a t  you have missed some of the  information 
on an. e a r l f e r  page. 

i 

Par t  D: Assignment 1 -- - 
Sign onto the  APPLE-PASCAL system and: 

. Type the  program on page 8 of t he  textbook i n t o  t he  
computer 

b.  compiie and Run the  program (Both s t e p s  can be done by 
i ssu ing  only the  R(UN cmmand). 4 

c. Rend i n  your C(OHPi1ed v e r s i k  ONLY. In order  t o  
ob ta in  a compiled l i s t i n g  of your program, type i n  the  
l i n e  (*$L*). a s  the  f i r s t  l i n e  of your program. Doing 

. t h i s  wi l l 'p roduce  a f i l e  on your APPLE 1: &isk  c a l l e d  
SYSTEM.LST.TEXT.. You can then T(ransfer  t h i s  f i l e  t o  
the  p r i n t e r .  (PRINTER: ). Make sure  t h a t  your apple  i s  

- connected' t o  a p r i n t e r  and that t h e  p r i n t e r  is turned 
on before a t tempting t o  p r i n t  out your l i s t i n g .  

Ih ather work+ Le •’lawchart, user docmentatha, - - 

etc., need be banded fn with t h i s  assignment. 

% - - -- 

Please hand i n  your assig-nt ONLY during the  scheduled lab.  
periods.  



Q Part E: Flowcharts + _  -- 
On page 2 of the textbook , you are introduced to the - 

concept of an  algorithm^ - a set of steps Which =st be folfwed 
- 

sequentially in order to solve a problem. The examples of 
h t t e n  sofnti- w k k h  f d i b w  i3r the text are S t l X E g h t  '- - -  - 

and unamb$guous. However, as problems get more complex, the 
written solution tends to become less clear and more open to 
ambiguities. The clarity of the written solution is completely 
dependent upon the logical way in which you present Pour 
algorithm. B 

L 

Program development is greatly improved when the solution rP 
algorithm can be expressed clearly and unambiguously. One method 
of achieving this is through an illustrative diagram called a 
flowchart. 

The flowchart, a series of box-like symbols, charts the flow 
of the reasoning you followed in solving the problem. The uses 
.of some of the different shapes are shown on the following pages 
of the study guide. Each box contains an instruction or a set of 
instructions in a natural language, in this case English, and 
represents a shgle step of the solution algorithm. The lines 
connecting the boxes have directional arrows shoving the order in 
which instructions are to be carried out next. 

+ 
Hence there is never any doubt as to what the steps of the 

solution algorithm are, or the order in which they are to be 
implemented. Control qf the algorithm flows from one box to the 
next until the solution is complete. \ 

Since flowcharts are.unamb%guous, they are a valuable tool 
in+ communicating an algorithm from one person to another, eg., 
from the p5oblem solver to the computer programmer. (On large 
programing projects these jobs are usually performed by 
different persons,) If the flowchart is very detailed your 
PASCAL code can be derived almost directly from the boxes. 

Finally, the flowchart plays an important part in the 
documentation of all'computer programs. When programs have to be 
changed or modified, it is often easier to understand the logic 
of a program by referring.to the flowchart rather than to the 
actual program. , 

Some textbooks present a h$erarchical approach to flowchart 
design, v_hat is technically - called a "hierarchy flowchart". 
hierarchy flowchart many steps are condensed into one single 

In a 
box. 



As the mphasis in this course is on detail design, we, 
prefer you to use the detailed flowcharting methods set out in 
the study guide. Flowcharting will be discussed more fully in 

one presented here. If you wish to use one of these alternative 
methods on your assignments, please consult-.yrT.A. or 
Instructor before handing in your work. t .  %- 

P 

WORDING 

Try to use everyday language whenever possible: , 

e.g. 
4. 

ReadA,B,CorGETA,B,C not qEAD(A,B,C)orREADW(A,B,C) 
Reserve storage for X, Y not VAR X,Y :WTEGER 
A=B not A:=B; 

Certain a PASCAL type .statements have W e n  acce&kq as 
"abbreviated English". These may be used on the flowchart. 



Flovcharting Symbols 

templates 
of time. 
- 

- - - -  - -- - 

available in the bookstore. - 

% 
NOTE : Use flowcharting 
They w i l l  save you hours 

- - 

( , START J START and STOP 

INPUT and OWUT HOURS, WAGE L J  

S U Y  = - 
HOURS x WAGE 

C 

- -- 

(Invocation or a su- 
or FUNCTION) 



Connector 

Connectors exist but should 
never be used in a structured 
flowchart) 

Broken lines 
indicate 
details of 

I 
process which 
is to be 
repeated as 
long as 
A > l  

I - This symbol is a junction at which 
several lines meet - makes the 
flowchart neater. 

- - -- - ---- 
This lineindicates that the 

- - - - - - --- 

repetitions have been completed 
and the process continyes to 
the next step. 

0 * 



PLUTOEIBTIC BEPETITION LOOP II 

i . e .  FOR -- DO 

I indicate details 
I of process which 
is to be W 

I repeated 5 times 
) with d i f  fetent . 

-'% 

- - -  

~ h i s  symbol is  a- junctici-at 
which several lines meet - 
makes the flowchart neater. 

This line indicates that the 
repetitions have been completed 
and &he procedq. continues ,to 
the next st- .. " 



- - 
- 

AaTOMATIC REPETITION LOOP 1 x 1  

- .  

Broken lineb 
indicate 
details 
of process 
which is tog ' .. 
be repeated . a  . . :  

/ 

, 
1 

/ 

C - 1 - This line indicates & a t  the 
repetitions have be- completed 
and the process continues to 

. t6 next step. , / 



Selection statement: 

T -f-, One e x i t  per label 

l 
f 

2 : 
PROCESS 2 





d. BOOLEAN - the representation of TRUE and FALSE 
conditions. 
All computers function on the basis of certain 
conditions being either TRUE or FALSE. This is also 
true in most programming situations. Setting an 
INTEGER variable to 1 or 0 to handle a TRUE or FALSE 
situation would produce the same results as the BOOLEAN 
TRUE or FALSE. However the BOOLEAN approach uses only 
one eighth of the storage requirement. 

- M I N T  and +MAXINT are useful for file manipulation in a 
data base environment. Do not worry about their application 
at this point. 

The remainder left after a division can be obtained with the 
MOD function. Since division is usually performed to obtain 
a quotient, the usefulness of the remainder is not readily 
apparent, but consider the following: 
Suppose with a budget of $12000, we wanted to buy computer 
terminals at $1073 each. If we used our entire budget to 
buy these terminals, how much money would be left? 

Solution 1: - 
Keep subtracting 1073 from the original 12000 until the 
amount left is between.0 and 1072 

Solution 2: - 

Use the MOD fuction to find out how much remains after 
dividing 12000 by 1073 

Another useful application of the MOD function is the 
generation of random numbers. This technique will be left 
to a future exercise. 

The ABS (absolute value) function is used to find an 
absolute difference between two values where the positive or 
negative aspect of the number is irrelevant. 
For example: 
Suppose we need a program that will take as input the hockey 
scores of two teams and print out the point spread between 
the winner and the loser. By using the ABS function there 
is no need to worry about the sequence in which the team 
scores are input into the program (winner followed by loser 
or visa versa). Whether the subtraction produces a positive 
or negative result, the ABS fuction will always give a 
positive result. 



. .  . 
h. "Aufom6tic Repatition* . const.-tioa* should h r c  .. Y 
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Use meparate b l d m  for u c h  type of activity s&h re' 
reading, calculating, printing d logic. 

* Similar atatarmts ray be greaptd if the, - t seqaemxt 8 the 
- '  aaae, ' i f  *no logic dcclsionm are iavolvcd and i f  a muitable 

b descrlpti~n &s,givtn. 
* 

V 

WO -- The ltogie required ee 
calc~late  ODD SUn 
must be spelled out 

t g 1 

ANS = 

A x (B + C) 
& 

ODD SUM lac - 1  
A,B,C,D and ANS are 

0 variable names used 
in the progiam.! 





B i 

A t  the beghning of ,the 

' A f t e r  the READ 

A B . TOTAL 

A f t e r  the TOT%:= A+B G t a t e m e n t  
* 
i A 

i .L , ,+% 

'i. 

5. . - 



X Y 
+ 

Before execution of a program in which storage for 
variables named X and Y were reserved. , 

After the statement X: = 2 

- X Y 
After the statement Y: = X 

Figure 1.B 



CHAPTER I1 - 
Having considered how a computer so lves  a problem, let 's now look 
a t  what a c t u a l l y  happens when we so lve  a problem on a computer. 

F i r s t  everything our computer needs t o  know must eventua l ly  
be i n  a form appropr ia te  f o r  t h a t  computer. As you a l r eady  know, 
the  computer system f o r  t h i s  course i s  the  APPLE and the  language 
i s  PASCAL. 

Four d i f f e r e n t  s t a g e s  a r e  involved i n  the  "solving" of a problem: 

1. plannfng the  s o l u t i o n  (preparat ion of t h e  s o l u t i o n  
a lgor i thm) 

0 

2. preparing the  code and typing i t  i n t o  t he  computer 

3.  compiling t he  program. A t  t h i s  s t age  t he  program i s  checked 
f o r  c o r r e c t  syntax. This means t h a t  t he  compiler checks t o  
s ee  t h a t  you followed a l l  the  r u l e s  governing format and 

. language and t h a t  you d id  no t  make any s p e l l i n g  mistakes. 
I f  the  syntax i s  c o r r e c t ,  the  program w i l l  be t r a n s l a t e d  c. 
i n t o  P-Code 

4. running the  program (sometimes c a l l e d  "executing the  
program"). This i s  the  s tage  a t  which t he  P-Code 
i n s t r u c t i o n s  ( t h e  compiled vers ion of the  PASCAL 
ins t ruc t i ons )  a r e  c a r r i e d  out  by the  computer 

You should by now be f a m i l i a r  with a l l  four  of these  stages. .  I f  
you a ren ' t ,  ask. 

. 
Par t  A: - -- 

i 

Read chapter  2 of "Introduction t o  PASCAL Including UCSD 
PASCAL". 

%- 

Pay s p e c i a l  a t t e n t i o n  t o  '"FORMAL OROANIZATION OF A PROGRAM". 
Even though the  d e f i n i t i o n s  and dec l a r a t i ons  a r e  op t iona l ,  when 
a r e  used, they should be i n  the  exact  o rder  l a i d  ou t  i n  t he  
textbook. 

Most important of a l l .  you must learn t o  recognize t he  
"reserved words". This w i l l  be e a s i e r  t o  do a s  you acqu i r e  more ~. 
experience w i t h  t h e  PASCAL language. The t i l e g a l  use of regme& - 

words can cause many hours of f r u s t r a t i o n  t o  the  programmer when 
t r y i ~ g  €0 fi& eke erF€&s) a plxqipm* h!r- 
cor rec  t . 

The cdmpiler program does more f o r  us  than ju s t  t r a n s l a t e  
I* our program" i ~ t o  =chine language form. It can a l s o  (on, 



reques t )  produce a " l i s t i n g  f i l e" .  

The l i s t i n g  f i l e  resembles our input  program; most of i t  i s  - 
a c t u a l l y  a-ct copy of  our program lines. However, the  most - 

important f e a t u r e  of t h e  l i s t i n g  f i l e  i s  the  inc lus ion  of e r r o r  - 
messag6s f o r  any i n c o r r e c t  code. This f ea tu re  g ives  YOU t h e  
advantage of allowing the  compiler t o  check through your complete 

.program and l i s t  a l l  the  e r r o r  messages which can then be pr in ted  
on paper (%y T(RANSFERring SYSTEM.LST.TEXT t o  PRINTER:), You a r e  
thus  saved the inconvenience of ending the  compile prematurely 
and re turn ing  t o  the  e d i t o r  t o  co r r ec t  one o r  two e r r o r s  a t  a 

. t i m e  . 
P Five columns of information have beefiadded t o  t he  l e f t .  

' m e  f i r s t  column i d e n t i f i e s  each l i n e  of PASCAL code with a 
statement number. The, next four  columns do not  contain  
information necessary t o  the  beginning programer. Those 
i n t e r e s t e d  should consul t  the  '*compiler options" s ec t ion  of the  
APPLE-PASCAL Operating System Reference Manual. 

A listing f i l e  may be requested by adding the  compiler % 

option **LW before t he  "PROGRAM" header. Compiler opt ions  a r e  
spec i f ied  a s  a s p e c i a l  form of a PASCAL comment., Ins tead of 
(* comment *), a $ f o l l o w d  by the  compiler opt ion,  i s  placed 
d i r e c t l y  a f t e r  t he  f i r s t  a s t e r i s k  - no blank spaces a r e  allowed 
i n  be tween. 

( * $ l A * )  

PROGRAM. SUM( INPUT, OUTPUT) ; 
VAR NUMl,NUM2,TOTA& :INTEGER 

The l i s t l n g  f i l e  t h a t  w i l l  be produced w i l l  be ca l l ed  
"SYSTM.LST,TEXT*. 



Poss ib le  Coding 

Some times 

E r r  o r  s 

a PASCAL compiler error-aesaage asap be caused by 
an e r r o r  i n  a e a r l i e , r  statemen&. Always check f o r  t h e  following 
obvious e r r o r s  : - 

- - - 

, \ 

Look a t  the  

missing o r  badly placed semicoIons 

missing comment i nd i ca to r s  (* ....*) 
missing parentheses  

s p e l l i n g  problems 

unclosed quotes (Quotes must be c losed a t  the end 
bf every l ine . )  

i n c o r r e c t  use of blanks o r  spaces 

l i n e  f o r  which t he  e r r o r  message occurs  anh ' then  
check the preceding and following s ta tements  a s  they could be 
causing the  e r r o r .  

- 
Although i t  i s  not necessary t o  memorize format and syntax 

r u l e s ,  $ a r e f a  a t t e n t i o n  should be given t o  "deta i l"  when coding. 
Any unce r t a in f i e s  should be checked, t h i s  means knowing where t o  
f ind the  r u l e s .  I 

Par t  B: % -- 
Do the  exe rc i s e s  f o r  chapter  2 of the  t e x t .  They are qtfite 

simple knd w i l l  test your understanding of t he  concepts presented - 
so  f a r .  



Par t  C: k e f l e c t  Sect ion -- 
/ 

Check appendix B of the s t u d y p i d e  again -- f o r  t h e  wg 7 to - -  

- 

prepare and submit your assignments. 

Pa r t  D: Assignment 2 -- - 
$ 4  

The purpose of assignments 1 and 2 i s  t o  g ive  you pr&t i cc  
i n  using the  APPLE-PASCAL system. Complete t h e  work requested - below and hand, i n  your Ustirig f i l e  along with your d i r e c t o r y  

d l i s t f n g s  and answered questions,. 

9 

1. G(ET your assignment f i l e  i n t o  yotir "uorkf i le"  i f  i t  i s  not  
t he re  aJready. 

2.  On the  f i r s t  l i n e  of the  PROGRAM, remove '*(INPUT,OUTPUT)". 
69 

3. Change the  PROGRAM name "SUM" t o  " S ~ P " ,  / 

4 .  After f i r s t  l i n e  of the  program add a PASCAL comment giving" 
-- -- -- 

the cur ren t  d a t e ,  eg. C*Sept.~1,1935*~ 

5 .  Modify t he  program t o  f ind  t he  sum of t h r ee  numbers ins tead  
of two. 

6 .  Add s u f f i c i e n t  comments a t  appropr ia te  i n t e r v a l s  t o  descr ibe  
the  program and the  work being done. 

7. RUN the program, and p r i n t  out  the  " l i s t i n g  f i l e "  'on the  
\ pr in t e r .  . 

8. ' Save your f i l e  under the  name "ASSIGN2". (Remember, t he  
s u f f i x  ".TEXT1' i s  added by t he  system a u t ~ t i c a l l y . )  

9. P r i n t  out  an E(XTEfQDED bi rec tory  f i e t i n g  of both your disks .  
To akcomplish t h i s  s t e p  you w i l l  need t o  become f a m i l i a r  
with the T(RANSFER and E(XTENDED comnanda of the  F(ILER0 
See the  APPLE-PASCAL Operating System Reference Manual. 



10. Use your own words t o  explain  - 
5 

-- 
P& 

i n  d e t a i l .  the follovi!lg 
: 

- 

which do 
wpagesn. 

- 

d i sp l ay  - a l l  those F(1LER opt lohe 
on the screen's two 40-character 

How t o  
a-ar 

b v . t o  make a backup copy of your d i sk ,  
8 1 

How t o  erase a f i , l t  from you disk. 

How t o  combine unused blocks on the disk.  
C# 

Why removing - "( INPUT, w OUTPUT)" i n  s t e p  
cause an e r r o r .  

2 above w i l l  no t  ~ 

the same 
Note: 

User 
the 

docmenta t ion  and f l 'owcbrt  which 
example assignment i n  APPEWDIX 

a r e  
' B of the etudy 

guide, need not  be handed in .  
- - - - - - 

PLEASE HAM) I N  YOUR ASSIClWMENT DURING' SCHEDULED LAB. 
PERIODS ONLY. 

Remember t o  hand i n  your LISTING FILE. 



/:/ NUMBER 

I 

COUNT: = COUNT + 1; 

END; 

WRITELN (COUNT) ; 

COUNT = 

COUNT + 1 f i  NUMBER 

it/ NUMBER 



START 

1 

- - - WHILE NUMBER A 

I 

I 

I 

SUM COUNT 

STORAGE LAYOUT 

COUNT = 

c o r n  + 1 0% 
SUM 1 A Y E = -  
COUNT 



+ ~ t h o t ; g h  the& *re n- *p'?cifinm&gmems -Rfeetlr- 3 
t o  5 of the textbook, i t  is v i t a l  that y6u understand the  

-- - -a-=W+-- thSa 
and you must, you all be able ts recognize the s i tua t ions  i n  
which these fea tures  of the PASCAL langtuge shmld  be 

i Throughout t h i s  course you w i l l  f ind the  need t o  r e f e r  t o  

the  information i n  these chapters i n  ctrder to f ind  the best 
methods of representing your qolutioa a l g o r i r b  as PASCAL code. 
Keep in  aaind tha t  i n  domputing.there ate many ways of solving any 
given problem and ar r iv ing  a t  a corree t  solut ion,  Being correc t  
i s  not enough. Youz s o  ut ion must a l s o  be e f f i c i e n t .  t \ 
Part  A: &ti cwters 3-Ljt5 anti 5 of tkf ~ e x t b q ~ ~  -- - ---- 

\ The following is a supplementary explanation of the  more 
impottant concepts presante i n  chaptere 3, 4 and 5: e 
* Ail&-=--- - -w <---:= --- - 

i n  the form of number& m d  l e t t e t s  of the  alphabet. Both 
these forms of da ta  can be braen  down further i n t o  more 

example nlnbsre cap.% described ae 
o r  fractiona. In PASCAL '"lettersR 

o r  group. of alphenumeric 
combined). 

fk61puters function best when they can deal  ori-th each 
c l d i f i c a t i o n  of data separably. In o t h r  words a &iy 
type is a group of da ta  wlth c b r a c t e r i s t i c s  i n  c-an. 

- - 1- - - - - - -- 

\ 

b. REAL - any mixed number or f r q t i o n ,  
'\ 

\ 

c. CBlg.ctcr - a si le  alphanumeric symbol. In P A S W  
CHARactera a r e  a ways encloaed In  s ingle  quotes and may 

+ consisf of a l e t t e r  Sh of the alpbr+t,  a aingle d i g i t ,  o r  
I any other  "legal" m y m i d  32,s. $,#,&I belonging t o  the - 

PASCAL language. 
lbtc that a d i g i t  i n  quotea is connidured t o  be a 

\ 

CHMbctcr and its i n t d m r l  v r s p r e ~ e n t a t i a n  lnaltde the  - 
c o ~ ~ p u t e r  fe differant frcm thm =-GElt raprsun ta t&on  pp - -- 
of thrc same Jigft* 



Be sure to draw a storage layout with your flowchart (details at 
the beginning of this chapter). The starting value of any 
initialized variable should be shown in the storage layout. (Put 
the correct value inside the box.) Notice there are three 
distinct timings for this program, the "Initialization" (or 
beginning), the "main loop" and the "ending" where the final 
averages are printed out. 

NOTE: FOR THIS ASSIGIJMENT AND ALL FUTURE ASSIGNMENTS WHERE SAMPLE 
INPUT AND SAMPLE OUTPUT DATA IS PROVIDED, YOUR INPUT AND OUTPUT 
WILL NOT APPEAR ON YOUR TERMINAL IN THE SAME FORMAT THAT IT IS 
PRESENTED IN THE STUDY GUIDE UNLESS YOU: 

a. read you input from the KEYBOARD (consult the 
APPLE-PASCAL Language Reference Planual) 

b. read the input from a disk file (Disk files may be 
covered in this course at the discretion of the 
instructor.). 

Otherwise your program input on output will be displayed on 
alternate lines. Consult your instructor regarding the format 
required for each assignment. 

Assignment - 6 

Character data play an important part in many computer 
problems. Notice that even number symbols are part of the 
character set. If numbers are not participating in any 
arithmetic operations it is often better to describe them in 
characters. 

Referring to the flowchart and storage layout at the end of 
this chapter, code and run the following problem. 

Write a program that reads in four words at a time, each 
word being no longer than 10 characters; the program is to print 
out each set of words on a separate line, in alphabetical order. 
After the last set of words has been processed the program is to 
print out: 

a. the number of sets processed 

b. the number of sets that were in alphabetical order to 
start with, and needed no rearranging. 

Use the value "STOP" for WORD1 to signal the end of data. The 
line containing this value should not be treated as valid input 
data. 



Thla tomparSsoa fea ture  w i l l  becaaa mare idportant  t o  
you as you l e a r n  how t o  expmd kASC#.T,'s four basic data - 

, types. I n  the m e a n t 6  you Qight;hry tg aake a mental. note. 
05 t h e i r  existence. 

i -_ ****** NOTE THE ERROR ON PAGE 39 ****** 
( s ix th  l i n e  fram the top) 
'*SUCC(C) = CHEt(ORD(C) - 1)" should be "SUCC(C) = CfER(ORD(C) 
+ A 

There is no s u b s t i t u t e  fo r  the t r u t h  t ab les  presented an 
pages 40-41. Da not  ' memorize them but make- sure you . 
understand each relat ionship.  Get help i f  you don't! 

The computer has ru les  of "operator precedence" which may . -. . . 
appear - -  - ambiguous ppp  t o  the  human - -  progrmmer. --- To auk sure t h a t  

- - - - - - - - - 
- - -- -- - -- - - -- - - - - - 

your aritFtaretXc eipreuiiXons arep alwaye correct ,  use 
- - 

parentheses. 

The coarpound etatearent eolvca the prpblem of using many 
etaternants where only one statement ie al loued.  "many 
statements" are diaguietd t o  look l i k e  a s ing le  a t a t m e n t  by 
encloeing thcm betwen a BEGIN and an END. 

€OF and EOLN are indispensable whan the inmit data  f o r  a 
program are in a " t a c t  fil;" thtt ruidee 2 i disk. ~hasc -- 
functions do not ycgk in thQ saw manner evhc.n i n w t  113. done 

.d i rec t ly  a t  €he termha$. 

When vdrking with a t e x t  processing p rob lm (analyeing 
written material)  the data a re  usuafly o r w r e d  i n t o  flace, 
sentences, ctc.-  EOLN w i l l  derec't the end of each ll6e of - 
input data. 
Since the amount of input data is* ueually no& known, EOF - 
vill detect  the end of the input data.  



Par t  B: 
-A 

The following e x e r c i s e s  &re not - I& and - are worth t rying:  
- - - - - \ 

4-e 3-1 to '  3-11 
- - - - L - - - - - - - - -- - f-f m4--b- 

5-2 and 5-7 a fl d. 

4 
. - 0 %  :* 

< a  % 

P a r t  D: Assignment 3 - a -- A 
- 

For t h i s  assignment p u  w i l l  f i r s t  have t o  b e e o m e . f a d l i a r  
with one more PASCAL coagtruct  , the WILE .-- DO' loop. h a d  mgcs ... 
79 . q d  J3O of chapter  6 of the textbook. 'Phe concept 'fa very 
s Every statement found ine lde  a WHIT$ - D O ' l ~ o p  i s '  
repedted over and over again until the c d f t i o n  $overnfqg the I I 

loop is  no longer t*, If t6c canditXon wre n e a r  true that foop ' 

is never entered. You w3lI find tbiflrcrw&iart reprcscntatZon of 
the  WILE - 6 ' loop i n  chapter  I of the study guide. 

, .. 
0 

Using the  a lgori thm ( i n  flowchart form) presenteck an the 
next page, flowchart  and code a PASCAL program that will =* Zc~-~f&-~~CCUTstee ' - - - c o n r ~ a ~ ~ ~  read- H sla8le ;f-Tiger - 

- - - 
i t s  square, cube, and aquare ' root,  and p r i n t  the r e d t s ,  on t h e  
video screen, The results should be pr inted i n  four neat  
columns, one each f o r  the  tiumher, its square, cube, and square 

' root  respect ively.  
+ 

The headings NUMBER, SQUME, C O B E . ~ ~  SQUARE ROOT shodd be 
pr in ted  abpve t h e i r  r t s p e c t i v e  cblunns. . - 

Use b "dmmy" v a l u e g f  O t o  end the program ,- thita *as A 

t h a t  the  0 w i l l  s i g n a l  the end qf the proeram bd# no c a l c u l a t i o ~ ~  * 

w i l l  b done and n-6 r e s u l t s  orill be printed for. t h i a  'vafuc. 

NOTE:' You most wid the statement USES TRMSEND; i n  order  t o  use 
the built-in ars€t#aa€ieal fum=tierts. Tkis statemebt tkt t t id  be 
placed d l r a c t i l y  under your PROGRAM s ta teamit .  

, Thie aseigmaeat and a l l  f u t u r e  a s s i g m ~ n t s  ahould be handed i n  
with f u l l  doctmentrtion as out l ined  i n  appendix B of the study - 

s ,  

%m 
+- , 

L 
L r "  



i .  
- - - - - - - -  - * 

~ i o k h a r t  of a pogr& -that continually reads in a single number, \ 

ALLOCATE 



, ._ CEAPTER IV - 'r 

4 

Error messa&a- generated by the compiler are - of canaiderable- - 

assistance when it comes to getting a program working but 
. remeakt-rt!x-can&sabe a great waste-& ~ q u r ~ t - ~  L-4ppppL- 

IC 

By far tbe most difficult problems to locate are logic bugs 
because they are not errors of syntax but are errors in tf$ing 
(sequencef. All the error messages in the w&ld can never make a 
hoorly planned program work., *Thinking out; your program and 
planning it are essential. 

*$ 

*_II 

Problem Solving 

-. 
Planning a program is essentially an exercise in problem< 

solving. The first step is the definition of.the problem.  he; . definition can be completely verbal or it can be in the form of a - 
flowchart, or any ether method of stating an algorithm. Without 
such a definitiob no comp,iler or dist of error messages can help - you . - - --- - .- - \ "  

. 

Steps in Problem Solvfng 
\ - 

1. The first step in problem solving is a careful reading of 
the problem and formulating a concise definition of it. 

, 2. The second step is to Fe-read the definition, review the 
- input, and ask questions about any ambiguities or unknowns. 

b. Next make a "s.tabIb at flowcharting a solutfon; this is best 
done by selecting some sample input- (test data) and -- \ A  

following the steps that would be necessary to solve the 
problem without mputer. 

4. Each step will most likely mean one flowchart box. 
Flowcharts are oft5n best started from the middle,J"the key 
part of the problem", and work'ed logically from there in. 

1 either direction. i 



5 A l l  d a t a  requ i red  may be shown a s  "boxes" i n  s t o r a g e  c a l l e d  
a STORAGE LAYOUT which p rov ides  a b a s i s  f o r  coding t h e  VAR 
s ta tement  ' l a t e r ,  e.g. P 

STORAGE LAYOUT - 
'd 

/" 

(NOTE : 
The value  of a l l  v a r i a b l e s  such a s  c o m t e r s  which a r e  
i n i t i a l l i z e d  a t  t h e  very  beginfiing of t h e  program may 
be shown i n  t h e  s t o r a g e  l a y a u t  i n s t e a d  of i n  t h e  body 
of t h e  f lowchar t . )  . 

r 

AMOUNT " .  SUM 

E l  
RATIO 

, . 
L 

6. Your f lowchar t  should then be reviewed, making s u r e  i t  w i l l  
handle a l l  types  of i n p u t .  
Make s u r e  your f lowchar t  i s  c o r r e c t  b e f o r e  you s t a r t  coding. 

I f  you a r e  n o t  c o n f i d e n t  t h a t  your f lowchar t  w i l l  work, 4 

,don't, go on! . A l l  you w i l l  do i s  waste t i m e .  Seek help': e 



Part A: -- 
' Now let's  take^ a. look at how to approach program 
development. Read chapter - 6 of "Introduction to PASCAL Including 
UCSD PASCAL" . 

* I' 
/ 

I - Pay special attention to the following constructs: 

a. WHILE - DO and REPEAT - UNTIL 'loops 

b. FOR - DO loops 

c, IF - THEN -- ELSE statements 
- 

d. CASE - OF - END statements 
'Make sure you understand how they work. You will need to use 

g these contructs in your assignments. 

' Today's trend in computer programming overwhelmingly favours 
a top-down structure4 approach in program design, Modular 
constructs as opposed to indiscrimhate branching are essential, 

Those students who have previous programming experience . 
should note that the use of GOT0 statements are frowned upon in a 
structured programming environment, Please do not use GOT0 - -  
statements in your assignments. 
The main purpose of the REPEAT, WHILE, IF-THEN-ELSE, and CASE 
constructs are to do away with the need t'o use a GOT0 statement 
anywhere in your program. 

NOTE that the textbook uses a slightly different flowchart 
convention from that of this study guide. '%e representation of 
the REPEAT - UNTIL and, the WILE -- DO statkents in the 
textbook flowcharts could imply the use of GOT0 statements in the 
PASCAL impleqntation. The structured' flowchart convention in. 
this study guide eliminates this type of ambiguity. Please use 
it. 

You should also read chapter 15 before doing the exercises 
and designing the algorithm for your assignment. This chapter 
contains some good tips which will help' you save time in 
implementing your programs, 
If you find you are having difficulty using structured 
programing techniques, consult your instructor or T,A. . 

. . 

Part B: -- 
Exercises 1 to 1 i are serongly recommended i s  practzce 

items. 
You should have a clear idea of the solution algorithms for 
exercises 12 to 18 by the time you complete the aesignments at 
the end of this chapter. 

*- 



Even though you don.'t do ail the e~ercises,'you should study - a11. 
the answers in appendix L of the textbook, f 

6 
Part C: ~eflect Section -- 

Below, are some questions to reflect upon. If you are not 
sure of the answers do not he-e to come to the Lab or ask 
your T.A. or Instructor. 

# 

1. What is the main difference between a WILE -- DO and a 
REPEAT - UNTIL loop? . 

2 .  Can a FOR - DO loop be substituted for a WHILE - DO loop? 
3. +n a UAICE - DO loop +be substituted for 'a FOR - M) loop? 

4 .  Why do w e  need a case statepent when the IF - THEN - ELSE 
statement is avialable? 4 

5. Referring to the following statements: 

IF A > B THEN 
0 

A : = A * 2  
ELSE 

3 :.. B * 2 ;  
WRITELN(A,B); 

show what will be printed by the put statement if: 



6 ,  a) 'will the following routines produce the same output? 

i) IF TYPE - 1 THEN 
BEGIN 
COST :- QfY*(PRICE* .8) ; 
DISCOUNT :- 20 

Em 
ELSE 

P IF TYPE = 2 THEW 

ELSE 

BEGIN 
COST := O?TI(PRICE*,9); 
d1SC0m := I @  

END 

COST := TJTY*PRICE; 

I 

ii) I F  TYPE - 1 THEN 
BEG IN 
COST := QTY*(PRfCE*.8); 
DISCOUNT := 20 

EM); 
. 6k TYPE = 2 TEEN 

-a 

BEGIN 
COST := OTY*(PRICE*.9); 
DISCOUNT :* I0 

END; 
TF TYPE = 3 THEN 
COST :I Q T W P R I C E ;  

URITFXS(C6fST; DISCOUNT); 

b )  What is the difference between routine f )  and ii)? 
C )  What =ill happen in each routine if TYPE = 4 ?  
e l )  Raw would you recmmend handling types other 
than 1,: or 3 9  



P a r t  D: Assignment 4 I -- - 
Flowchart and code a program t h a t  

p r i c e  and g i v e  change from a $1.00 b i l l .  
i n  q u a r t e r s ,  dimes, n i c k e l s ,  and c e n t s .  

w i l l  i n p u t  any purchase 
Chunk ehould be made 

An a p p r o p r i a t e  e r r o r  me8sage,should be p r i n t e d  on t h e  v ideo  \ 

s c r e e n  i f  t h e  amount entered i's lees than oae cent o r  g r e a t e r  
than one d o l l a r ,  V e r i f i c a t i o n  of t h e  i n p u t '  d a t a  is knom as an 
e r r o r  check. -- 
E r r o r  checks on t h e  i n p u t  d a t a  a r e  an i n t e g r a l  p a r t  of e v e r y  good 
program, ' \ 

The program should con t inue  process ing new i n p u t  data u n t i l  a 
y a l u e  of -99 is read i n  as a purchase p r l c e .  

Your d e t a i l e d  f lowchar t  shou1d"be s i m i l a r  t o  that discuseed 
in chapter I of t h e  study gu ide ,  A good f lowchar t  should have 
on ly  one s t a r t  box and one s t o p  box. < 

T r y  ta implement a good top-down design.  

Remember t o  hand i n  your a s s i g a w n t  w i t h  full User and - -- 
Docunrentation, a long wi th  your i fowcher t  and PASCAL program, b - 

v 

P a r t  E: Chr rac te r  Var iab les  -- 
Not  a i l  computer work i s  accomplished by s r i t b t i c  

conputation. Ln many t y p e s  of  data t h r q , l s  a need to represent 
naws,  I n  this c h a p t e r  ve will a l s o  . t a k e  a brief look a t  
5FlARACTER v a r i a b l e s  and t h e i r  implementaeion, 

Yod a l r e a d y  know about  t h e  CHAR d'ata type. Var iab les  g iven  
t h e  CHAR data type ntay c o n t a i n  any one symbol available on the  - - i n s t a l l a t  Ion ( i n -  o u r  case  the  APPLE-PELSCAL sys tem),  

What i f  w e  kanted  a v a r i a b l e  t o  hold c h a r a c t e r  s y a b o l s ,  f o r  
example, names 1 i k e  JOHN or SUSAN? UCSD PASCAL ( t h i s  i s  the 
v e r s i o n  of PASCAL you, are us ing  on the APPLE) a l lows  u8 t o  solve 
this problem by c r e a t i n g  a structured d a t a  type called t h e  STRING 
d a t a  t ype .  The d e c l a r a t i o n  I 

VAR NAME: :STRING 

would give you a v a r i a b l e  c a l l e d  N M  of the d a t a  type STRING. 
You could now p lace  -a name of up t o  80 characters ' long inside 
NAME by simplv coding 

N A F B : = I ' J O  

You m y  a l s o  read i n  a value f o r  RAME wi th  a READ or READLN 
9 

s t a t e m e n t ,  1 ,e., R E A D ( N M ) ,  - 



NOTE: string data i n  PAfCAL cede must always be enc losed  in - 
single quote.. This does  not apply to string d z  that i u  ra -- - 
into, the program. 

i n  the first place  is to differentiate betucen string data  and 
var iab le  names, i .e., 4 

VAR NAME : STRING ; 
J%HN * SUSAN : INTEGER ; 

Standard PASCAL dues not  have the STRING data type, 
Character strings are simulaied within a eubrange af data types . 
known as an arrav. You will be introduced to arrays la ter  i n  the 

- -- 1 
course 



In  add i t i on ,  a f t e r  a l l  the  days of the  month have been moct%seed, 
- I I 

t he  average morning, a$iernoon, and evening temperatures 'hi ths 
month w i l l  bs d l s p l a y d .  

'Y., I / 
-. l h  7 

/ \ ' 7  I 

Your program ahoulii prompt appropr ia te ly  f o r  each set of fnput", 7 1 

1 
The output shou3d be l a b e l l e d  c l e a r l y .  T- 1 , 

I Y 

Sihce any given lonth uj have 31, 30, or 20 dage (your pr&rm 
need not be s e t  up t o  handle a l e ap  year), the p r ~ r a 8 1  shsha8 , 1 .  
i n i t t a l l y  read i n  a nureerical - value betwken 1 and 12 reprasenk$q& C 

t h e  month of the  year i n  order t o  determine the  correct amount QY 
input  da t a  t o  follow. Your program should k able t o  translath 

- -  - - 2 

, 1 -  - .  4 - -  - -  
the numerical r ep re sen t a t i on  o f  t montfi t o  the clUraete2 - I 
re{resentation shown i n  t he  sample output.  

/ 
/ - ;  - 

\ t 
I 

SAHPLE OUTPUT: -- i - 

\ 
1 

AW,RAGE TE)BEIUTURE FOR FEBRUARY t WAS 28 DEGRE$S. ,, i I 
AVERAGE ~ E R A T U R E  FOR FEBRUARY 2 WAS 29.3 DECREES. ' I  

'1 

\ 

11 



Be sure to draw a storage layout with your flowchart (details at 
the beginning of this chapter). The starting value of any 
initialized variable should be shown in the storage layout. (Put 
the correct value inside the box.) Notice there are three 
distinct timings for this program, the "Initialization" (or 
beginning), the "main loop" and the "ending" where the final 
averages are printed out. 

NOTE: FOR THIS ASSIGNMENT AND ALL FUTURE ASSIGNMENTS WHERE SAMPLE 
INPUT AND SAMPLE OUTPUT DATA IS PROVIDED, YOUR INPUT AND OUTPUT 
WILL NOT APPEAR ON YOUR TERMINAL IN THE SAME FORMAT THAT IT IS 
PRESENTED IN THE STUDY GUIDE UNLESS YOU: 

a. read you input from the KEYBOARD (consult the 
APPLE-PASCAL Language Reference Manual) 

b. read the input from a disk file (Disk files may be 
covered in this course at the discretion of the 
instructor.), 

Otherwise your program input on output will be displayed on 
alternate lines. Consult your instructor regarding the format 
required for each assignment. 

Assignment - 6 

Character data play an important part in many computer 
problems. Notice that even number symbols are part of the 
character set. If numbers are not participating in any 
arithmetic operations it is often better to describe them in 
characters. 

Referring to the flowchart and storage layout at the end of 
this chapter, code and run the following problem. 

Write a program that reads in four words at a time, each 
word being no longer than 10 characters; the program is to print 
out each set of words on a separate line, in alphabetical order. 
After the last set of words has been processed the program is to 
print out: 

a. the number of sets processed 

b. the number of sets that were in alphabetical order to 
start with, and needed no rearranging. 

Use the value "STOP" for WORD1 to signal the end of data. The 
line containing this value should not be treated as valid input 
data. 



Flowchart Notes 

The b a s i c  approach taken he re  i s  t o :  

1. 

2 .  

3. 

4. 

5 .  

Inpu 

g e t  t h e  " l a r g e s t "  word i n t o  WORD4 p o s i t i o n .  (The f i r s t  
t h r e e  d e c i s i o n  s t e p s  do t h i s . )  

g e t  t h e  "second l a r g e s t "  word i n t o  WORD3 p o s i t i o n .  (The 
f o u r t h  and f i f t h  d e c i s i o n  s t e p s  do t h i s . )  

g e t  t h e  f i r s t  and second words i n t o  t h e i r  proper  p o s i t i o n s .  
(The s i x t h  d e c i s i o n  s t e p  does t h i s . )  

"Swapping" i s  accomplished by t h r e e  s t e p s  

a .  Move "high va lue  word" t o  HOLD. 

b. Move "low va lue  word" t o  "low va lue  box". 

c .  Move "HOLD" word t o  "high va lue  box". 

The SWITCH v a r i a b l e  i s  used t o  record  the  occurrence of a 
11 swap". Since any "swap" means r ea r r ang ing  was needed, t h e  

IN-ORDER coun te r  i s  no t  i nc reased  by 1 when SWITCH i s  s t i l l  - 
= 'TRUE'. 

~t Cons ide ra t ions  - 

I f  you use  STRING v a r i a b l e s ,  e.g., STRING[10], you w i l l  have 
t o  type  i n  one v a r i a b l e  per  l i n e  on t h e  i n p u t  s c reen ,  i - e . ,  your 
program w i l l  need fou r  READLN s ta tements  t o  r ead  i n  fou r  words. 

This i s  n o t  i n c o n s i s t e n t  wi th  t h e  f lowcha r t  symbol implying 
t h a t  t h e  f o u r  words a r e  t o  be read i n  a s i n g l e  s ta tement .  The 
f lowchar t  shows t h a t  a t  t h i s  po in t  of t h e  a lgo r i thm four  words 
must be r e a d  i n t o  t h e  program. Even though t h e  reading  of t h e s e  
words i s  a l i t t l e  awkward wi th  APPLE-PASCAL, t h e  a lgor i thm i s  no t  
changed. 

You should  a l s o  use  READLN and n o t  READ f o r  i n p u t t i n g  STRING 
v a r i a b l e s .  

You might a l s o  cons ide r  u s ing  a PACKED ARRAY OF CHAR. This  
method would a l l o w  you t o  read  i n  f o u r  words a t  a t ime from a 
s i n g l e  i n p u t  l i n e .  You would need t o  a r r ange  your words i n  
' f i e l d s ' ,  i.e., f o r  PACKED ARRAY[1..10] OF CHAR v a r i a b l e s ,  10 
columns must be used f o r  each word i n  t h e  i n p u t  l i n e  ( ~ n u s a  - - -  
columns should  be f i l l e d  wi th  blanks.) .  







'Original Posieion 
a 

'ART . 0- 

- 
- -- -- -- - - +- -- - A p  - '-+:=L[jq -[=r. . ' 

Step 2 : , VORDl > WORD21 

FIGURE 1V.B 
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* 
, 

. .  



- S t e p  1 z HOLD := VORDl; ' 

w - - 
* .  

- 1 

-- _ * Step 2j  KQRD I r s  Wf@2 ; 

- S t e p  3:  W O R ~  := ,HOLD; . 
- -  ~- - --- -~ = , ~ ~~ -- - -- - - 

- 

- ~- -~ - ~ - - - --- -~~ -- -- 

[q . . , , -- 



.. 

2 

I I SWITCH= 
TRUE 

FIGURE 
157 



meas lddg a "bIg&rn problem i t  -is-&- fJ .&Ie topL- 

th ink  o he program as a number of procedures ( p a r t s ) ,  Each 
procedure may be coded-and t e s t e d  separat~ly and then mradually 
brought together  t o .  ' f o m  -one program. This  approachwis d f  t e n  
r e f e r r ed  t o  as "modulztf programming. I -' 

1 

I ' You w i l l  f i n d  as your programs become l a r g e r ,  you w i l l  have , 

t o  make b e t t e r  use o f . t h e  s torage  ava i lab le .  
Rather than coding a similar seve ra l  the8  over ,  each 

a - t i m e  wi th  a d i f f e r e n t  set of va r i ab l e s ,  we can use 'subroutines 
and func t ions  t o  solve t h e  problem i n  a more a f i c i e n t  manner, 

- 
* , . - -. 

C part '  A : - -- - 

3 
- 

Read chapter  7 of "Introduction to PASCAL lncludihg UCSD .. 
PASCAL". 

* b  - 
I 

- 
One of the  most important concepts of subprograms 

(procedures - LG* ~~~ *---- =kk - - 

r e l a t i onsh ip  between "&a1 par- ters" and " f o w l  parameters". 

By the use of "actual, parameters" and "formal paraoleters", a 
subroutine o r  . funct ion can perform the same sequence of 
operat ions  r e p e t i t i v e l y  f o r  the  many d i f f e r e n t  sets of d a t a  s en t  . - 
t o  i t .* 

The technique of using a s ing le  piece oGf code t o  perform the 
. - same ~ p e r a ' r i p s  on seve ra l  sets of da ta  i s  a very "important 

concept to*hd&..  or example : 
- - -  - - - - - -  - - -- - - - - 

- 

Let's take a look a t  a s o r t i n g  problem s imi l a r  t o  t h a t  of 
Assignment 6, . In this problem w e  wihl s o r t  four  numbers 
i n t o  ascending order .  YOG w i l l  recall - from Assignment 6,  
t h a t  when s o r t i n g  four  words i n t o  asgending order ,  the  t h ree  
tt  swapn s.teps, 

a .  Move "high value word" t o  HOLD, 

b. Move "low value word" t o  "low value position".and- ' , 
.PI I 

.LA 

c,  Move "HOLD" word t o  "high value posi t iont t  

may need t o  . b e  performed a maximum number of s i x  times. 
Sorting t en  pieces  of d a t a  i n t o  ascending order  could-  

- - - -- - -- - -- 

requi re  the. above-+sequence t o  be performed fourty-f ive 
times. , - 

- - - - - 



Ihe generd-method of overcoming t h i s  problem ia t o  eodc a .. 
subroutine to t k  w a r k  -of tLBaap~trgUr-W(eseni  t E e  two-- -p-pp---- 

va r i ab l e s  a t  a time as "actual parameteen  t o  t h e  - 
.- 
i 

- ? w e  now d l  t h e  subroutine f o r  as a n y  caparlsoas a are 
2 ---* T. 

needed t o  cotsplete the s o r t i n g  pr.wess. Each time the  
subrout ine i s  c a l l e d ,  two new va r i ab l e s  are supplied as 
"aciual parametersn t o  the  "formal parametersn of t h e  
s u k o u t  i ne  . b 

e - .  

Note t h a t  t h i s  method requi res  t h a t  "parametersn 'are . 
"passed (o r  called.) & referencen. - 

Make sure t h a t  , y+ lraov t h e  d i f  ktnge'ktrrcn "tafl mr&ocu 
and "call lfZl refereace" as .described i n  - the text- a d  - 
suanaarized on page 110. 

The above example i s  i l l u e t k t e d  on the next t w o  pages w i n g  
the numbers 9, 7 ,  5, and 3 a s  input  da ta .  Note how the  s o r t i n g  
pceas*-1-* b 4%bcw34 * d&z-- h#e%F* -- 

c b n g e s  i n  the order  of the da t a  a f t e r  each call is made t o  the  
procedure CQWPAEE. 

If  you cannot follow the  log ic  of t h i s  program," come and ask 
about i t  a t  the lab.  - 

J " 

- 1 

---- - - - - -  - -- - - -  - 



PRBGRAn PROCTEST ( INPUT, OUTP,UT) ; 

lo. (*THE SUBROUTINE COMPARE ARRANC,ES TWO NlRIBEBS (ONM) A P )  
1 1 . (*A TIHE INTO ASCENIHRG ORDER, 
12. 

*) 

13. 
14. VAR HOLD: INTEGER; 

\ 

15. BEGIN 
16. I F  COW1 > COMP2 THEN 
17 . BEG I N  
18. HOLD:=€@MPl; 
19,  COKPl:=COMP2; 4 

20. COMP2 :=HOLD 
21 , END ; 
22. 
23. (*PRBR' OIPP TEE If-% RESVbTS AFfER EKCK 

- - - -- -- -- - 

24. 
25. WRITELM('1NTERMEDIATE RESULT:',NUHBERl,NWER2,WUMBER3 
26, NUMBER4 ) ; 
27. END; (*COMPARE*) 
28. 
29. BECIN L- 

30. READLN(NUNBER1 ,- NUMBER^ ,NUMBER3, NI.PfEiER4 ) ; 
31. WRI+ELN( 'ORIGINAL ORDER: ',NUMBERl,NUMBER2,NUMBER3, 
32. NlmER4 ) ; 
33. WRITELN ; 
34 I -  - - -- - \ - -  --- - 

J - . - -  - - - 

35. (*PUT THE HIGHEST VALUE I N  NUMBER4*) 
36.  
37  . COtZPARE(NUMBER1 ,NUMBERZ) ; 
38. COMPARE ( NUHBER2, NUHBER.3 ) ; 
39. COMPARE ( MRIBER3, NUMBER4 ) ; 
40. 
41,  

.- 
(*PUT THE THIRD HIGHEST VALUE I N  NUMBER~~*) e 

42, 
43. COMP&(NIRIBER~, N(RIBER2) ; 

-4-4 . CONPARE ( NUMBER2, NUKBER3 ) ; 
45, 
46. (*PUT THE SECOND HIGHEST VALUE I N  NUMBER2*) 
47. 

53. END. 
d 

Figure V.A - 



.% 

C 

P With input values. of 9, 7, 5 and 3, the outpu is a s  follows: 
j 

- - - - - - - - -- -- 

ORIGINAL ORDER: 9 7 .  5 3 
- - -- 

INTERMEDIATE RESULT: 7 9 5 3 
WTEBMEDIATE RESULT: 7 ;  5 9 3 
I lTE3HEDm RESULT: - 7  ' 5 .  3 9 
LNTEBHEDXATE RESULT: 5 7 3 -  9 % 

INTERHEDI&TE RESULT :. '5 3 7 9 
INTERHEDIATE RESULT: 3 5 7 9 

# 

ASCENDING ORDER: 3 5 7 
- 

9 

, . 
Global Variables  - , - 

. Global va r i ab l e s  are those used i n  a subroutine o r  a 
funct ion t h a t  belong t o  (were declared i n )  the  main progrdm, . o r  
an orhe$ procedure bu t  were not  passed t o  t he  rece iv ing  
subroutine o r  funct ion by way of parameters. 

Avoid the use of l o b a l  var iables"  whenever possible ,  
"Global v a r i e b l e k d  i n  a subroutine o r  a funct ion 
d e t r a c t  from the  idea  of good modularity and thus  make 
a program-much morZ d i f f i c f l t  t o  write and maintain.;  

. * 
\ 

Par t  B: -- 
Review the  exe rc i se s  f o r  chapter  7. 

, Try a s  many art arp_ n e e e - y f o r  concepts - -- - 

presented i n  t h i s  chapter.  

Par t  C: ~ e f l e c t  s e c t i o n  -- 
1. How does a subrout ine 

\ 
\ 

d i f f e r  &om a function?.  
. '  . 

* 
2. What does the  BEGIN statement do? 

3. Must both the  BEGINind EM) statements be coded? \ 

If you cannot answer t he  above quest ions  you should r e l e a d  the ' - \ 

mate r i a l  f o r  t h i s  chapter  and seek help from a T,A. o r  
- - - 
Ins t ruc tor .  



P l o v ~ h n s  and Subprograms ' ( - 
*h-pnaeeelng mxhrb .have its 6 w i i  f larchrttndbe-p 7 

invoked as shown i n  the f louchar t tng  s e c t i o n  i n  chapter I of t&e . ----- 
, 

Bath? : 
The subroutine approach t o  f l o~ icha r r& y he ascd . 

eA e n n  i f  the  code is a c t u a l l y  written +noline.  A g o d  
flowchart  should have a "?k%nline pagen t lmt will f l t  
on a 8 4 / 2 "  x 11" sheet w i n g  a topdown s t ruc tu red  
approach i n  program design. 
Modular cons t ruc ts  a m  es sen t i a l .  / 

The Master c r e d i t  card company needs a syst- t o  keep t r ack  
& 

of its ougstanding cus toa r r  Flowchart and code a program 
t h a t  vill f o r  each customer: 

a* - ~-~~~~ 

- - 

,%=---d and the 
i n t e r e s t  r a t e  

b . c a l c u l a t e  the  new amount owed* ba6ed on the amount 
c u r r e n t l y  owed + i n t e r e s t  -- 

c .  p r i n t  the  r e s u l t s .  

0 

After  all t he  input  d a t a  have been processed the program w i l l  
p r i n t  out the number of outatandiag c u u t q r  Looam and tk t o d l  
amount owed. 

- - - - - - - - - p- - - - - -- - 
- 

Use a value of -99 f o r  "amount owed" t o  s igna l '  the  end of 
the input  da ta ,  These data sh&ulq not be proce8eed as cus toecr  . \ 
data, 

- 
U s e  a FUNCTIfW f o r  p a r t  b, and SUBROUTINES f o r  p u r t s  a ,  and 

C .  

, ; A * 
Your main o r  a u t  M t  perfom any ulcukrionu. Iru .ole -- -- , funct ion m a t  be that of a ' cmtro-1  module f o r  the subprograms. 

I 

!See the  SaBlple 110 ( Input  and Qutput) on the next-page, 



2. 
- - - -  

i 
-- A -- 

&m't ferget tcr - h a d  ia yew assfppmmt 'with the - - - - - 
doctrecntation requircraents as specified in  appendix B of .the 
study guide. 



, 
One method cwld  use f s  t o  aeeign each word t o  a separate  

variable,  .r------.tftRFt+--t- ,-I, aS- - --- L - -- / 

r This method is, extremely p r w t i v e  (Go back t o  Fdgure 1V.D i n  the ; ,/ 
previous chapter of t h i s  study guide.) i ' . 

/ ,' 
, 

. However, let's review tbe basic  approach: 
J 

1. get  the "largestn word i n t o  WORD4 position. (The f i r i t  
.three decision s teps  do tbis) /' , , 

1 / ,' 
- ? - - -  - -  - -  -- 

- ii- 

. 2. get  the " s e c i l a r g e s t n  word i n t o  ~ 0 6 3  posI&on. (The 
fourth and f i f t h  decision s t eps  do t h i s ) ,  /. 

3. ge t  the f iist m d  second words i n t o  thaik proper p&irfone. I I 

(The ~ i x t h ~ d e c i a i o n  s t e p  does th i s ) , ,  ' d 

, 
, ,' 

4. **swappinggg is accompl i .~d  by +&c s teps  / - ,, *" 

a. k v e  "high value wordg* t o  HOLD, 
C 

b. Move m l o ~  value ward" t o  "low value box", 

9 

c. Move "ROLDn word t o  "high value box". , 

What i f  the number of words t o  be sorted was 4000 instead of 
i u s t y o u  f f i r m r o  many I(nrr of c. - 
needed? , 



I 

' The var iable  name (I) helps t o  keep t r ack  of the  WORD you i 
1 

- - - - t TV 1 
- -- 

I 
", t - - 

posi t ion w are t ry ing  t o  f ina l i ze .  This is due . to  the.nature of- \ t 

t,b' "swapw algorithm implemented ins ide  the J lrpop i n  which the  - j  
---=t--------------- - - -- 

( 

/ V t h  p o s x t t  " - -  - - -*--- -- 

, position. Rtc var iable  [J)  a l l o w  t o  move from one word'to- 
t h e  ' next, comparing agd "sdppfms" where necessary, &is 
"comparing and swappingu rout ine  is executed many times. C 

with a set of four void. I is set t o  3 and tb loop: atart.. 
T i i i  "comparing and swappingw routine w i l l  be procesmd three  
times for  J = 1, J - 2 a n d  J - 3. Thc "cyclew thm reptats - 

- - - - -  - f €Se&f €ma- - w, - - 4 . - F - t -  
I 

"cycle" takes place f o r  I = 1 and J - 1. Once both-  imwr loopa 
e have been executed f o r  every poaeible value, processing continues 

%_ along 'the main l i n e ,  wlth t @  "is the current  word - - Y the next - L  - . -- word?" de t la ion  s tep ,  ,r / 
* I 

As you may have already guessed, t h i s  method of sor t ing  is known 1- 
ag a "bubble s o r t w  -r' I 

/' 

-  TI^ algorittum i l l u s t r a t e d  cn~ the k x t  mes* could b e i + d e  - 
-more e f f i c f e n t  by adding an ex t ra  decision t o  ce tg+-hubar . I 
of s t eps  needed t o  complete the sort, The imp1 an of the I 

I 
, more e f f i c i e n t  method 1s l e f t  f o r  you qs an 'C ., i 





FIGURE Vf . C L T P  I *  







~ n ' w e r k i a g w i t k t a h f ~ h l ~ l ~ ,  i t  i e k p m w f a r  , . . -- - . * 
t= cXe t a  I% ;lf--diiGnrantic, that f a ,  a p - r r r  should be e 

able to te l l  what a certain par t  of a p r o g r u  does j u s t  by . . I. 

, I 

Tbre dbM not yet met a high l e v e l  p r w r w  
* t ha t  allows t h i s  goal t o  k realfeed fully. -The PASCAL 1 

t r i ~ s  to ~ l p  in this area by dlo;ing th progr-r to 2K 
his am user+finrd data types t o  -ii the type of prob-krt h e - h -  

' 4  working on. Fbr ex&ple, a -011 program wAieh reads- in an 
employee's "hours workedn "re te per hour" f o r  each d&_ of t b c  L, 

w h e r e  X is declared as INTECI'ER, 'and HOURS arid WTE are REAL4 . . - 2 
arrays. 

On the other had, a declarat ion a t  the begirming of the 
- -- -2- f 

-- - -f 
- -- 

TYPE VOEUWIS - ( ~ N D A Y  , TUESDAY, W&BSDAP, TE~~SDAY, A ; 
VAR DAY :WDIMDAYS; 

FOWRS,RATE :ARMY[YORKDAYS] OF REAL; 

Q 

would allow the following more descr ip t ive  loop t o  bt used: 
r .5 

FOR DM:= MONTIAY TO FRIDAY DO 5 

READ(HQURS [DAY I .RATE [DAY] ) ; ( .  

Tke abfflfftty X o f I x k n i n  dat& tFlllcawothcT t-han just 
fPPIaill -- -- - - --- 

numbers would be especia l ly  .h;lpful vhan dealing v i t h  da ta  
involving 1/0 (input/output) operations. Urrfortunutely Omst 

versions of PASCAL insl,tuiing tbe me w e  are using do nat allow 
. user-defined data t y p e s  to be read In or printed out. This 
' severe r t e t t i c t l o n  severely 1 i m . j . t ~  the use fu lwee  , of t h i s  
excel lent  fea ture ,  

- - 



Part  A: -- 

chapters 8 snd 9 of nIntroduction t o -  PASCAL Including UCSD* 
PASCAL". 
Pay specia l  a t t en t ion  t o  the UCSD fea tures  presented a t  the  end 
qf chapter 9. It is i n  the  use of a r rays  and ~ ~ ~ 1 ~ G " v a r i a b l e s ' .  
that you w i l l  f ind the  g rea tes t  difference between UCSD PASCAL 
and Standard PASCAL. The UCSD language extent ions a re  the more , 
advarita~eous. 

a . .  b 

' + 
Note the e r r o r  on page 144 (middle of the page); the  e q w -  * 

sign should be a colon, i .em,  
, 

VAR POSITION - ARRAY [1..26L OF &. ' 
- .S - & 

L 

2 

/ * -  
A - 

s h ~ u l d  be 

\ 
- -- - - - - - - - -- --- . -- 

- 

You should by m u  lp qui te  fami l iar  w i t h  the APPLE-PASCAL 
Opetating System Reference Manual a s  w e l l  a s  the APPLE-PASCAL 
Ieognage Reference Manual. There a re  many helpful  points  i n  
these books t h a t  you can pick up i n  a l ec tu re  or  from a s t u d y .  , 
guide. 

You must learn  t o  assimilate  the  information i n  
the manuals i n t o  your programming experience i n  orcter t o  enhance 
pour understanding of prograndng and the computer syetem you ;re * 

working with. 

Part  B: -- 
b n ' t  forget t o  t r y  the exercises i n  the text .  



Par t  C: Ref lec t  s ec t i on  
I- 

- /- iB & 
See i f  you c a n  mite PASCAL code t o  produce - t t r ~ ~ f o k b f - n g s - - - -  - 

output ; 
. . 

Note: 
There is no input  da t a  f o r  t h i s  problem. Answers no t  

I 

understaod f u l l y  shouid be questioned. 
3 

* :, 
1 

- .  . . < ,  
- ,. u . -  

Par t  D< Assignment 8 - - -- ---. - 

Short ly  before  Mother's Day,  the  . Lactose Greeting Card *, 

Company prepares a supply of 10,000 cards  f o r  each one of its 20 
d i&fe ren t  types. Orders f o r  these  cards  come i n  on data, cards.;, * .  . 
each card has t h r ee  f i e l d s :  ofder  number, card and quant i ty .  9 

*- Write a program t h a t  processes these  o rde r s  by clanging . t h e  
supply a v a i l a b l e  f o r  t%at  ca rd  type and' p r i n t i n g  an output  l i n e  
showing the  order  number, . number of 'cards ordered,  number of 
caYds.sent,.  card type and supply s t i l l  ava i l ab l e .  Do no t  p r i n t  a 
value f o r  supply, i f  the  supply f o r  t h a t  6ard type i s  zero. (See 4 

0 

sample output) .  ,If an order  cannot be f i l l e d  because t h e  
d f  + - -  requested quant i ty  exceeds t h e  supply,  s e n i  w = t e v e r i s  - ----  

ava i l ab l e .  I f  _nothing i s  avail 'able "send" zero.  
1 

4 
Processing ,'ends when an  order  number of -1 is read i n t o  t he  
program, J 

e 

P 
When a l l  the  orders  have beeh processed, the   program should p r i n t  
out i n  descending o rde r ,  t he  amount of s tock remaining f o r  each 
type of .card whose supply i s  less than 9000, ( A  replaining supply- 

, of zero.  i s  ' a l so  zprinted .) 

+ \. 
't 

r , 
I 

- - - - - - -- -- 
i 

w 



Sample Input:  

Sample Output: 

LACTOSE GREETING CARD C O M P & Y  
SALES LIST FOR JANUARY 

x ORDER NO. OUANTITY SENT TYPE SUPPLY 
- - - -- - - - - - 

4 1502 2 500 2 500 15 7 500 
% "  

ORDER NUMBER : 11402 INCORRECT TYPE 



TYPE SUPPLY 5.: 

- -- - - - - - -- - -- ' t  % ,  
= p~ -. -," 

12 
- 

6000 . 
17 5622 

\ 

15 0 
7 0 

"fl " 

Flovchar t  and code t h e  above problem. To mab b e s t  use  of 
your t i m e  do t h e  fo l lowing : 

=. - 1. Sec up a Egorage l ayou t  f o r  the requ i red  d a t a ,  

2. Develop t h e  f lowchar t  by p u t t i n g  down what you would have t o  - = .  

do t o  p rocess  t h e  sample i n p u t  wi thout  t h e  use of a 
computer. 

L 

3. I f  y e Z l e E  ft#e 'jtg## *k f?3*4+&,-cA%e€k- - 

f lowchar t  w i t h  a n  i n s t r u c t o r  or T.A. 

4. Review any PASCAL s t a t e m e n t s  necessary  for coding. 
' t 

5. Code your program, Y 

6. Desk check your program f o r  c l e r i c a l  e r r o r s  (spell)/lg, use 
of c o d n t s ,  pa ren theses ,  e t c . )  , / - - 

7 

7. Desk check+ your program f o r  l o g i c  e r r o r s  by- "playi'ng 
compu~erU nshg the sampk h p u t  d a t a  T -  Pofhi- uach-step - - -- - 

through changing t h e  s t 6 r a g e  l ayou t  when requ i red .  

8. Check your o u t p u t .  Make s u r e  i t  is  t h e  same as the sample 
ou tpu t .  

9, I f  you p lan  your program e f f i c f e n t l y ,  t h e  main body, 
excluding t h e  s o r t i n g  s t e p  and e r r o r  checks,  should n o t  
r e q u i r e  more than 1 d e c i s i o n .  

Don't f o r g e t  t o  hand i n  your assignment wi th  t h e  f u l l  - 
documentation;requirements a s  s p e c i f i e d  i n  appendix A of  t h e  
s tudy  giiide. 



?R tkfe chapter we wmt ~~~ -M an ~ ~ - o ~ a f t + ~ - - c f r r t r a  - - - 

called RECORDS. We a l r e a d y  know g e n e r a l l y ,  that the best. uay to 4 .- 

,.- .-i h a n l J & p a • ’ P r n u e o f n - J Z e w e P t r - w k a t  if se F .  

have a group of it- involving d i f f e r e a r  types of data, t,e,, a 
list of c l u b  =hers, ~ s e  w d d  still want to keep member 
in fo r se tLon '  such as mute, address ,  phone number and dues paid  
grouped toge the r  f o r  each meatber., .s 

N a m e ,  a d d r e s s  and phone number can  be itaddled as STRIW 
v a r i a b l e s  ( o r  PAClCED ARRAY OF C E l R ) .  However, dues paid srust be 
s t o r e $  as INTEGFR or  REAL s i n c e  a d d i t i a a  and s u b t r a c t i o n  k c  ,. 

nonnal ly  performed wi th  tNs informatfon.  Since  a n  a r r a y  i n  
PASCAL can be of only  a s i n g l e  d a t a  type, we aust look t o  an 
other t ype  of d t r u c t u r e  c a l l e d  a W R B  to ~ s i s k  tts d t h  ottr 
grouping* 

How should a RECORD be arranged? There is no one s i n g l e  way 
t o  a r range  a RECORD. 'Ibis q u e s t i o n  can be best answered by the- 
programer .and t h e  f i n a l  u s e r  of ' the program. The main po in t  to -  
r- is *&4waEs-*--**- - - 

organize the  program i n  a l o g i c a l  f a sh ion  f o r  h m a n s ,  - - .  

/ 

Part -A: a 

-- 

I + 

' Read chap te r  10 of " In t roduc t ion  t o  PASCAL ~ n c l u d i n ~  UCSD 
, PASCAL". Pay e s p e c i a l  a t t e n t i o n  t o  t h e  "Gase Study 1" and "Case 

a Study 2.'' as we l l  - t h e  s e c 5 i m  on "Variants" (pages 203-205). 

***** Note t h e  e r r o r  on page 190> 
- - -  - - -  - 

should be r; 

EMPLOYEERECORD i s  a RECORD d a t a  type.  It is a t e v p l a t e  for' . . 
records  t h a t  can now be create2 wi th  t h e  VAR d e c l a r a t i o n .  As a 
d a t a  type ,  EMPLOYEERECORD does  n o t  ' have reserved . s to rag?  
l o c a t i o n s  and s o  i t  cannot hold  information.  In  o t h e r  words i t  

6 
is a nmdel. Usink this model, t h e  programmer may c r e a t e  r e c o r d s  
wi th  s t o r a g e  l o c a t i o n s  t o  hold a c t u a l  da ta .  



Qart -B: + -- 8 \ 
, 

- GPen tkettgh- w e  4t3 -aU *-fsef--yatt-+le&--- -- - . s tudy  a l l  t h e  answers a t  t h e  back of t h e  textbook.  - , E L  if fhe ucrci-e-sf -9t-g: a-tronnrvxe-m-kd pxa+c~ 3 t ol . 
'-You shquld have u clear $tee of t h e  e o f u t i o n  a lgor i thms  for the  

e x e r c i s e s  by t h e  time you complete t h e  assignarent at t h e  end of .- 
t hls ,chapter. 

f 
', \ 

g a r t  Ci R e f l e c t  S c t i o n  
1 

-'. . - 
- 'L 

The W I T H  s ta tement  can be q u i t e  t r i c k y .  Rexmziber t h a t  i t  is 
there t o  help you, t h e  programmer, to save t i m e .  If you use  it. 
i n  such a way as t o  make your. code incomprehensfble, the  WITH 
stat.emenF can be more of a hindrance  than help .  J,  

Note t h a t  the W I ~  statement does away with  t h e  need for 
r e p e t i t i v e  n o t a t i o n .  It does not a l l o w  you ta  malie m u l t i p l e  - - -  
assignments to- f i e l d s  wi th  f i e l d  i d e ~ t i f i e ~ r s  _o_f_ the %_~ar te .  

After reviewing t h e  program discueeed on t h e  l e c t u r e  t ape  ( P i e r e  
VIJ.A), consider  t h e  example in Pfgure V1I.B. Examine the oirtput 
from ' t h e  f o u r  WRITEM s ta tenrents  (stto& a f t e r  t h e  program 



- - . - - - -- - - - - - - *----- ---- --- 
-- - -. 

(*THIS PROGRAM SORTS RECORDS BY FIELDS*) t 

r - - - -- v- 

CONST HUlfBER-5; . - 
TYPE ESE'MPEE - BBmm * O 

FUME 
,' ' 

: P I c K m  ABRAY[1..20] OF CEfAR; 
. POSITION :PACKED ARRAY[l..IS] OF CHAR; . 

.SALARY :REAL; w 

END; . 
COHPANY ARRAY[l..IWW?ER) OF EMPLOYEE', 

VAR EMPLOYEES :COPTPANT; 
HOLD :EMPLOYEE; 
I ,J : I-; - - -- 

PROCEMfqE WRITEREC (VAR EMPLOY :COMPANY) ; 
t 

- 

<.d 

(*TPIS P$Or;EDORE WRITES OUT TKE EMPLOYEE RECORDS*) 

C - - LJ -- - - - -- -- -- -- - - 
- - - - 

, 1 
, . 

BEGIN i - 
FOR I:=, 1"TO NUMBER DO 

WITfl EWPLOYEES[I] DO 
BEGIN' e 

FOR J:- 1 TO 20 DO WRITE(NA)IE[J]); 
FOR J:- 1 TO 15 MI WRITE(POSXTION[J]); 
WRETELN(SALARY:f:2) . - 

END; 
r n i r n ~  ." 

Em(-- - 

----- 

4 .  

BEGIN 
FOR I:- 1 TO NlRIBER DO A 

- WITH EMPLOYEES [ I ] M) 
BEG IN 

FOR J := 1 TO 20 DO READ(*NAHE [ J ] ) ; 
FOR J:- 1 TO 15 W REA.D(POSITION[J]);, 
READLN(SALARY). 

Ern; 

(*ECHO 'IRE INPUT DATA AS IT IS READ .IN*) , 
URITELN( ' ORIGINAL ORDER'); WRITELN; 
WRfTEREC(EMPL0YEES); 

+- 
- - -- - -- ul- 

i 

Figure VI-I .A (cont hued on next page) 



" .  
- 

46 I 
47 1 (*SORT WCORDS INTO ALPWETICAL ORDER BY NAME*) - 

t; - 
mKP*- - -  -- - -  - -  ------ - 

49 1 
3% t * .  

51 1 FOR J:= 1 TO I W 
52 1 IF EWLOYEIS[J] .NMIII 2 EMPLOY~&~J+~ ].??A& TITEN 

BEGm % 

54 53 1 HOLD:-EMrLOYEES[J]; 
55 1 WPtoPeESfJf:-ElIPLOYEESf.Wl]; 
56 1 EMPLOYEES f J+l ] :-HOLD - % " 

57 1 END; f .L 
_ 511 1 WRITELN (.' ALPWETICAL ORDER BY MAHE') ; FITELN; 

59 1 WRITEREC(EMPL0YEES) ; 
60 I 
6 3  f (WORT RECftRDS INTO AS€TiNDI#e ORDER BY s ~ A R W )  - 

- - 
1 62 -t - 

(*Am P R r n  333% OUT " 3 - 
63 I J $ 

b4 1 FOR I := MRIBER-1 DOWNTO 1 DO $ 
FOR J:- 1 TO I DO , 3 

66 
65 '  1 

IF EMPLOYEES[J].SALARY > EKPLOYEES[J+l].SALARY THEN -- - -  -- . - - -- - - - ::I - *  

- - -7 

? 
HOLD:=EWPLOYEES[J]; 

69 eMPLoYEES[J]:-EWPLOYEES[J+lh 
7O 1 EWLOYEES[J+l]:-HOLD 

END; 
71 1 YRITELN(' 

4 

7 2 ASCENDING OmER BY SALARY'); WRITELEI; A 

WRITEREC ( EKPLOYEES ) - -- 
i - 7 5 END. b.5 

a Fbgure . VII .A (continued on next page ) 



- - . t, ,' 1 
\ 

WONC, MICHAEL J B o  PEMXAMWR 1700.00 
PETERSON, PAT #&LY!3T 2000.00, , 
PIERCE, M Y  JR* OPl3iuTQR lOOP.~O \ 
MARCUS, S'PEVH: SB. OPERATOR 1400-00 \ 

', 
ALPRABRABETICAL ORDER BY HAHE 

JAMES, SUSAN 
MARCUS, STEVE 
PETERSOW, - PAT 
PIERCE, PtCCRY 
m, PneBAE-L 

SR, PROGRAMER 1900.00 
SRe OPEBATOR 1400.00 
ANAL?? ST 2000eOO 
JR. OPEIUTOR 100~.00 
JR. - 1700.00 

ASCEDING ORDER BY S M Y  

PIERCE, M Y  JR, OPERATOR 1000.0d , 

==m, ?3mm5- -?5K7--- 
- - - - -- - 

- - - -  - -- -- 

WONG, H I  CHAEL JR. PROGRAHMER 1700.00 
JAMES, SUSAN SR. PROGMMKR 1900.00 
PETERSON, PAT ANUYST 2000 .OO 

Figure VI1.A 



WITH TEST,Tl,T2 DO 
DAY:=5; 

WRITELN(%ST .Ti. DAY,*ST . T ~ , N I G ~ - ~ -  - r-  --- 

TEST,T~.DAY ,TEST.TZ,EVENING~; - .  
WIR TEST DO 

BEG IN 
WITH T1 Do 

a DAY :-6; 
-- WIm - - n - - Do - - - - 

DAY: -7 



- --  
Par t  Q: A s s i g a ~ c n t  9 -- - 

- Tk&-€kB&@zm?nt p r m h i e  & ~ ~ t ~ a p p o ~  to L& 

use of modular programing plus implcaenting the s f ruc tured  

assignment e a s i l y  lends i t m l f  t o  mimy "prcrceasfng-,moduleis". 

You a r e  expected t o  effect a good top-down design as well  as 
t o  employ a minimum of one subrout ine and one funct ion,  "Actual.' - 

and "formal parametersn , MUST be ueed with a l l  - 
sub-routines and functgone. 

Flowchart, code and run t he  following problem: * , - ,  

. Every a#, t h ,  Modern Computing, a monthly magazine, sends ou t  
su- r tp t iw &tees to a m  customers 6 s e  -*pttan arc- u p  - 

two month hewe or- hawet a l ready  expired.  (Bnpised mbscr4pt%ens 
a r e  kept on record f o r  a period of one yeaz before  being de le ted  
from the  a c t i v e  files). The not ice  cons i e t s  of a -de ta i led  
b i l l i n g  fo r  the  next subscr ip t ion  period,  the  length of vhich i s  
determined.  by the subscipt ion cu r r en t ly  a c t i v e 4  o r  r e c e n t l y  ' 

+ -  . 
Input da ta  f o r  each curitoater c o n s i s t s  o f :  

-. B i 

, a. subscriber'; 'name - 
b. subscr iber ' s  account number 

c. length of subscr ip t ion  (ranging from 1 t o  5 yea r s )  . 

opened. 
\ 

Use a RECORD t o  s t o r e  She  above information, 
. r L  \ & 



. - .  - 
7 

-*. 
t 

C 

\ 
A 

Rates a r e_@.obB $15.c@, $21.00.$26.00 and g30.00-for a 1 e u S  .) 
-- - -  

year subscr ip t ion  respec t ive ly .  A 2 percent diacount o f f  'the 
s subscripEion rate is given f o r  each year  i n  excess  of ,five years 

- -- - --- - - 

, the  account has bemeopen. Wo customer, however, may rece ive  
more than a '  20 percent discount,  

\ 

For each no t i ce  s e n t  out  t he  program is  t o  prin't  a l i n e  of output 
e 

containing the  account number, name, length of subscr ip t ion ,  r a t e  
per year,  and t o t a l  amount due. 

' % 
i 

\ 

.After a l l  customers' accounts have been processed ( t h e  number of 
custopers  v a r i e s  from month t o  month, use a value of -1 f o 5  the  

, subscr iber ' s  account number), t he  program is t o  p r i n t  out  a 
summary containing t h e  number of subscr ip t ion  notice3 prqceseed - 

and t h e  t o t a l  amount owing i n  each sepa ra t e  . subsc r ip t ion  
category. 

. h i n a l l y ,  the  grogram w i l l  p r i n t  ou t  the  t o t a l  n?&r of - .  I 

,customers' accounts processed and the  t o t a l  amount of money,owing i 
f o r  the  month. 

+ -- - - - - - - - -  - - -  - - 

I Note t h a t  a l l  da t e s  appear i n  t he  form (yyuun), t he  f i r s t  2 
d i g i t s  f o r  the  year  and the l a s t  2 f o r . t h e  moqth. 

* 

Review the  sample inpu t ' and  sample .output. Think about w h a t  * 

, you would have t o  do without a computer a s  you develop your 
flqwchart .  Desk check your flowchart. You may even.want t o  have 
i t  checked by an i n s t r u c t o r  o r  a T.A. Remember, coding'poor 
l o g i c  i s  a waste of your time; Code c a r e f u l l y ,  w a t ~ h i n g  f o r  
c o r r e c t  spe l l i ng  and punc tWion .  .- 

a - 
\ f + 

\ - --- - - - - - -- - -- - - - - - - - - - - - - -- -- - - -- - - 

-  in t: 
A f u l l  year ' s  subscr ip t ion  i s  considered t o , r u m  from a 
degignated month of one year t o  the  corresponding morkh 
of t he  next  year.  i.e. February 1980 t o  January 1981 i B 

i s  only 11 month@, but February 1980 t o  February 1981 
i s  a f'Gll year. Therefore, i t  is not-  necessary i n  t h i s  
assignment t o  break up da t e s  i n t o  sehrate year and ' 

month ca tegor ies  i n  order  to determine the  amount of 
:d i scount tyegrs ,  i f  any. 



Sample Input : 

7602 (this date is already two months hence) o 

J.A. KOGAN 
k 

L.M.' MCKAY 7333.11 1 7601 5904 
- 

B.C, NELSON 231224> 5 7804 7004 . - - * - - -  - --* - 

A.K. BOLDER 62 1427 

V 

* 

R.M. BALMER 243786 

P - 
5 

I P.H%'ATKINS 318112 

K.L. S M S  715598 3 7702 - 7402 
I 

Y 

DUMMY a m 0 0 1  '1 om0 orno 

\ 
i 



.# ; -  " 
4 

.- . - 
4-  

Sample -Output : 
- . . ;  m t 

* . G - - -  L 

821462 J.J. SWTTH~RS 5 . .  '5.40 ' 27.00 

. TOTAL NO. OF RENEWALS: 
3 

TOTAL BILLINGS2 1 1 6 . 1 4  
, - 

y x r '  

NOTE : 
The output should be i n  columnar form but it doqs not have 
pg be exact& t h e  scrPleaa_tche-a_eboveL~- z5.. 

1 
> 

I 

- 
8 



r -It CHAPTER V I I I  - 
* i 

Zrr chapter 11 +f ~'btrektioa-to-BASCAb-I&uc2iagIFGSD-F - 

w e  w i l l  take a c l o s e r  look at. more sdphis t icared  ways of tr%:k, 
iwu-tt~hi9y_tput tiat., t-h~ uge of m r a .  

c- 

While t h i s  course does no t  f o c u q ~ o n  :PASCAL f f l e  handling,  
you should at  least know how t o  reqd a , t e x t  f i l e 4 t o m  the  d i s k  I 

and how t o  write a t e x t  f i l e  t o  the  disk.   his aspec t  of f i l e  
manipulation should be used i n  your'-last ,assignment and i n  your 
f i n a l  project .  - 

-i L . . 
7' * .k _ I .  . . - 

The prac t fce  of -reading i n  dum&;iiata t o  d e t e c t  the  end of . 
input  iito a progr&t is' a p r imi t ive  prac t ice .  
The EOF statement allows a PASCAL program t o  d e t e c t  t he  1 I -  F 

end-of -f ile, condi t ion,  A t  is, when  t h e  end of t h e  input  ' -data - 

has been reached. s f e a t u r e  w a s  discussed i n  chapter  5 _ o f  - 
4 - c  

"Intrpduction to PASCAL lincluding UCSD PASCAL", , This me,ans -?hat I -. .b . 
the  end-of-file is automatical ly  marked9or you a t  the  end of- t he  
input  da ta  and &hat  .your program can de t ec t  t h i s  mark by using % 

the  EOF statement.  S imi la r ly ,  the  end of a l i n e  has a ". 4 
A 

d - % & f - u E k e  - 43mA€)= - - - - b- - - - - -- - - -- -- -- - - --- - -- - - -- - 
Although up u n t i l  now you have been working only with. j 

i n t e r a c t i v e  programs, you shou ld ' r ea l i ze  t h a t  t he  input  da t a  t h a t  
entered i n t o  . t he '  program from the  terminal  is a l s o  p a r t  of a 
f i l e  . . This means t h a t  a s  f a r  as APPLE-PASCAL is  concerned ,' t he  
terminal  - ( input  and output)  and fhe  p r i n t e r  (output only)  a r e  
f i l e s .  

. I P 

Par t  A: - - .  l 
- - - - - - - - - - - - - - - - - - - - - A -- --A - 

Read chapter  11 of "Introduction t o  PASCAL Including UCSD 
PAS CAI." . ' , 
Also; ( re ) read  the  e e c t i o n s  on f i l e s  i n  both fh& APPLE-PASCAL 
Language Reference Manual and the  YPLE-PAS;CAL Operating System 
Reference Hanual. . - 

> 

A t  t h i s  sqge ok,the course you mugt be a b l e  rq dec i lhe r  the  - 
information of t h e  t e x t ,  t h e  language manual, and the operat ion 
manual on your own, In Assignment 10 you w i l l  be asked , t o  type 
the input  da ta  i n t o  a d i s k  f i l e ,  have your program reqd t h i s  d a t a  
from t h e  f i l e ,  and have the  program p r i n t  t h e  r e s u l t s  d i r e c t l y  
onto the  p r i n t e r  a s  wel l  as into,-a d i sk  f i l e .  

B 
i 

Make - - sure  - -- - you - -- read the  w t e r i a l  ~ e ~ e c t i v e l y ,  taking out  the  i 

information you need f o r  your assignment, 
\ 

b I 

v 



P a r t  B: -- 

Take a  thorough look  a t  t h e  e x e r c i s e s  f o r  chap te r  11. 
Attempt on ly  t hose  which i n t e r e s t  you and which you have t ime t o  
do. 

P a r t  D: Assignment 10 -- - 

The Edemdale grocery  s t o r e  keeps r e c o r d s  on i t s  produce i n  
t h e  fo l lowing  form: 

Code - c h a r a c t e r  (24)  
P r i c e  - 4 d i g i t s ,  2  of which a r e  decimals  
Month - 2 d i g i t s  
Day - 2 d i g i t s  

The code h a s  s e v e r a l  component p a r t s .  A l l  p e r i s h a b l e  i t e m s  
have 'PER' appear ing  somewhere i n  t he  code followed by a  
two-character alphanumeric which i n d i c a t e s  t h e  accep tab l e  s h e l f  
l i f e  f o r  t h a t  product .  For example, 

DAIRY ALLPER1 5 

i n d i c a t e s  t h e  i t e m  i s  p e r i s h a b l e  and t h a t  an  " i n  s t o c k  period" 
of 15 days i s  normal. I f  t h e  " in  s t o c k  per iod" ex tends  beyond 
t h i s  t ime ,  new d i scoun t  p r i c e  l a b e l s  a r e  t o  be c r e a t e d ,  t o  
encourage quick  sale of  t h e  a r t i c l e .  The new l a b e l s  should have 
t h e  form: 

I 
I CODE 

I 
$ PRICE I 

I I 

Note t h a t  i n  t h e  p r i n t e d  code, we  keep on ly  t h a t  p a r t  
be fo re  t h e  i d e n t i f i c a t i o n  'PER' ( i f  t h e r e  i s  any) .  



In  o rde r  t o  de te rmine  t h e  " in  s tock  period", t h e  d a t e  must be 
converted t o  a  J u l i a n  d a t e  ( t o t a l  days per  year  count ) .  For 
example, 

JANUARY 28 = JULIAN DATE 28 
APRIL 15  = JULIAN DATE (31+28+31+15) 

= 105 

This d a t e  i s  then  compared wi th  today's d a t e  (which i s  t h e  
f i r s t  e n t r y  i n  ou r  d a t a  l i s t )  converted t o  J u l i a n .  I f  t h e  
d i f f e r e n c e  i s  g r e a t e r  t han  t h e  " in s tock  period", t h e  new p r i c e  
i s  t o  be c a l c u l a t e d  by apply ing  t h e  d i scoun t  r a t e  f o r  t h a t  " i n  
s tock  period" t o  t h e  o r i g i n a l  p r i c e  according t o  t h e  fo l lowing  
scheme : 

INSTOCKPERIOD(DAYS) 7 14 21 28 35 49 84 
DISCOUNT (PERCENT) 20 18 15 12 10 8 5 

Method : 

a .  Use a  Funct ion t o  determine i f  an " i n  s tock  period" 
e x i s t s .  I f  s o ,  then  r e t u r n  the  " in  s t o c k  period",  e l s e  
r e t u r n  a  zero .  

b. I f  an  " i n  s t o c k  period" does e x i s t ,  invoke a  second 
Funct ion from w i t h i n  t h e  f i r s t  Fuct ion t o  determine 
what t h e  pe r iod  is. 
I f  you . u s e  a STRING v a r i a b l e  f o r  t h e  code, you can 
check f o r  t h e  occurance of a  'PER'. I f  a  'PER' does 
e x i s t  t hen  you know t h a t  t h e  t h i r d  and f o u r t h  elements  
fo l lowing  r e p r e s e n t  t h e  " in  s tock  period". You now 
have t o  conve r t  t h i s  STRING r e p r e s e n t a t i o n  of t h e  " i n  
s t o c k  period" t o  a  numerical form. One method t o  do 
t h i s  i s  a s  fo l lows:  

1 )  s e t  up a  10-character  STRING wi th  t h e  symbols '0' 
t o  '9' i n  p o s i t i o n s  1 t o  10 r e s p e c t i v e l y .  

2 )  Use a FOR loop  t o  compare the  t h i r d  p o s i t i o n  a f t e r  
t h e  'PER' t o  each p o s i t i o n  of t h e  10-character  
STRING. When a match i s  found, t h e  index of t h e  
FOR loop  a t  t h a t  po in t  w i l l  be t h e  numerical va lue  
of  t h e  t h i r d  element a f t e r  t h e  'PER'. 



3) Repeat the above step with the fourth element 
after the 'PER' to find its numerical value. 

4) How to combine the numerical values derived in the 
above two steps to form the numerical 
representation of ''the instock period" is left for 
you to complete. 

Another method to accomplish this job after 
finding the 'PER' in the code STRING would be to use a 
CASE statement to represent the characters '0' to '9'. 

Still another method using standard PASCAL is as 
follows : 

PROGRAM PERFIND ( INPUT, OUTPUT) ; 
VAR I, J ,NUMBER: INTEGER; 
CODE: PACKED ARRAY[1..24] OF CHAR; 

BEGIN 

I:=O; 
NUMBER: =O ; 

FOR J:= 1 TO 24 DO READ (CODE[J]); 
REPEAT 

I:=I+l; 
IF CODE[I]='P' THEN ' 

IF CODE[I+l]='E' THEN 
IF CODE [I+2]='R8 THEN 

NUMBER:=lO*(ORD(CODE[I+3])-0RD('08))+ 
(ORD(CODE[I+4])-ORD('0')) 

UNTIL (NUMBER > 0) OR (1=20); 
V~ITELN(CODE,NUMBER) 

END. 

Each of the methods discussed above should be in the 
form of either a Procedure or a Function. If you 
choose to implement your subprogram from the programmed 
example above, you must supply very detailed 
documentation. 

c. Code the Calculation of Julian date as a function or a 
procedure. 



SAMPLE INPUT : 

1 2  01 
DAIRY A201PER14 
DAIRY A24  
DAIRY A27 5PER07 
VEGETABLE B371PER14 
VEGETABLE B43PER14 
FRUIT K473KPER21 
FRUIT K 2 4 5  
FRUIT K458PER28 
FROZEN 2 7 5  
FROZEN 2 6 2 1  
FROZEN Z28PER49 
FROZEN Z89PER84 
DAIRY A72PER07 
FLOWER W437PER07 
FLOWER Fr24 
FLOWER W68PER14 
FROZEN Z54PER35 
FROZEN Z24PER49 
VEGETABLE B20PER35 
DAIRY A114PER14 



SAMPLE OUTPUT: 

...................................... 
I I DAIRY A275  $ 0 . 3 4  

....................................... 
I 
( VEGETABLE B371  $ 0 . 8 9  
I 

( FROZEN 2 5 4  $12.89 

........................................ 

( FROZEN 2 2 4  
I 

i 
( DAIRY A114 

I 

NOTE: O u t p u t  MUST include the  b o r d e r s .  



A Guide to Writing Term Projects --- 

Introduction 

The term project should demonstrate your ability to use the 
computer language you have learned, as a problem solving tool. 

The program should be user oriented and attempt to solve 
some problem in your area of interest. In most of the course 
assignments, you were given the input for a program, and told 
what the output should look like. Here, you will be responsible 
for defining your o m  program 110 requirements. 

The program should contain at least 75 non-I/0 statements, 
that is, statements not involving the PASCAL READ, PRINT or WRITE 
keywords. Do not "pad" -your program with additional and 
unnecessary statments just to meet the length requirement. If 
you have a suitable problem, the length requirement will not be a 
burden. 

What to do? Select a topic you are familiar with, keeping 
in mind the types of problems a computer can solve. It would be 
helpful to : 

a. investigate your major field of study--talk to various 
faculty members. 

b. consider your hobbies. 

Project Proposal 

A very important aspect of the project is its formal 
definition. This is the "Project Proposal" which MUST be handed 
in and APPROVED by an instructor or a T.A. before the project is 
begun. Some modifications may be suggested at that time. 



Define the boundaries of the problem clearly so that flowchart 
work can be started. Your definition should resemble "User 
Documentation" and consist of the following: 

a. User Purpose 

b. Sample Input 

c. Sample Output 

d. A brief (10-15 line) description of how the problem 
will be solved. 

Sample Projects 

The following is a list of some of the projects which have 
been successfully attempted in the past: 

Simulation -- of a Company. Read in cards corresponding to 
employees in a company, and people looking for work. Use a 

- - 

random number generator to hire and fire people for jobs. 

Company Inventory. Keep track of incoming and outgoing 
transactions, back-orders, current stocks, etc., with 
monthly and yearly summaries. 

Graphing. Draw an X-Y graph, or a bar graph for some data. 

Advanced graphing. Draw an X-Y-Z graph, or a block graph 
for some data. 

Titration Curve (chemistry). Read in pH and volume data 
for a titration, plot the curve, and do some calculations. 



Solving the Problem - 

Once your project proposal has been approved, you will be 
ready to 

a. 

b. 

C. 

d. 

e. 

f. 

g 

begin. The following steps will guide you. 

Determine the criteria necessary to make your program - -- - 
work. 

1) The program may have to read in data--will you be 
making error checks on the user input? 

2) Will you require arrays to store data? 

3) Will you need to do operations on your data such 
as sorting them into a specific order? 

4) What kinds of calculations or manipulations will 
have to be made on the data? 

Draw a "top-level" flowchart (Hierarchy flowchart) for -- - 
your problem. Place the guidelines from (a) into 
logical order. At this point it would be sufficient to 
have a process box with "Sort the data for . . . 11 
written in it, rather than a detailed flowchart of the 
actual DO-loops. necessary to perform the sort. 

Refine the steps in (b). A good approach at this stage ---- 
would be to draw a small flowchart for each step. 

Discuss your progress with an instructor or T.A. This -- -- 
step may save you time and grief later on. 

Write the code for your problem. Your flowcharts from - ---- 
(c) should be detailed enough so that you can code 
directly from them. MAKE USE OF SUBROUTINES AND 
FUNCTIONS. A very good approach would be to make each 
of the "top-level" operations from (b) into a 
subprogram. 

Desk-check your code. Work through it step by step, -- 
keeping track of the values of all variables. Weed out 
syntactic errors, such as missing commas, unmatched 
parentheses, etc. 

Type your program into the APPLE-PASCAL system. If you -- -- 
were careful in all the preceding steps (and are a good 
typist), your program will work the first time. 



Program Organization 

You should make effective use of subroutines and functions 
in your program. Ideally, your main procedure should consist 
solely of a sequence of subprogram invocations (perhaps within a 
loop). Subprograms should be used when: 

a. a set of operations is to be done several times. This 
would be particularly true if the operation is done on 
several different sets of data. 

b. a set of operations logically belongs together. 
Examples might be the input section of the program, the 
calculation section, or the print section. 

Internal Documentation 

Your program should have comments in it, similar to the 
assignments. Every group of statements corresponding to a 
"top-level" operation should be preceded by a comment, but other 
than that, comments should be few. 



What t o  hand i n  a s  t h e  completed P r o j e c t  ------ 

The completed p r o j e c t  w i l l  con ta in  t h e  fo l lowing  i tems:  

a. Your p r o j e c t  proposa l  showing t h a t  i t  has been approved 
by a T.A. o r  i n s t r u c t o r .  

b. Program, c o n s i s t i n g  o f :  

1 )  A l i s t i n g  of  a run  of your program, ope ra t ing  on 
some i n p u t  d a t a .  

2) A COMPLETE copy of t he  inpu t  d a t a  used. 

c .  A "Top-level" f lowchar t  (Hierarchy f lowchar t )  ONLY!!! 
DO NOT hand i n  your d e t a i l e d  f lowchar t s .  

d.  User Documentation. 

P a r t s  ( a )  and ( b )  a r e  se l f -explana tory .  
P a r t  ( c )  should be a  s h o r t  write-up of a  maximum of t h r e e  pages 
and o r i e n t e d  toward t h e  p o t e n t i a l  u s e r  of your program. It 
should be n e a t  and thorough - something t h a t  you would be proud 
t o  have d u p l i c a t e d  and c i r c u l a t e d .  

Consider t h e  u s e r :  - what does he need t o  know? What does 
he want from t h e  program? Most c e r t a i n l y ,  he w i l l  no t  want t o  
read l a r g e  amounts of i n fo rma t ion  about  t he  coding,  bu t  w i l l  want 
a conc i se  d e s c r i p t i o n  of what goes i n t o  t h e  program, and what 
comes out .  

User Documentation should con ta in :  

TITLE. Give your program a name r e p r e s e n t a t i v e  of what 
i t  does. 

ORIGIN. Say who wrote  i t ,  when and where. 
c 

PURPOSE. 

SAMPLE INPUT. 

SAMPLE OUTPUT. 

SPECIAL RESTRICTIONS. Describe them b r i e f l y ,  f o r  
example, does  your program read a l l  80 columns, o r  o n l y  
60 o r  72? W i l l  your program handle more than  one set 
of d a t a  on a g iven  run?  



g. METHOD. Briefly mention any special algorithms used. 
Give formulae which are not common knowledge. 

h. REFERENCES. Give the source of your algorithm or 
formulae. (This information is usually only necessary 
for science oriented programs). 

REMEMBER, THERE I S  NO EXTENTION TO THE FINAL PROJECT DUE 
DATE ! 

DO NOT HESITATE TO V I S I T  YOUR INSTRUCTOR OR T.A. I F  YOU ARE 
HAVING TROUBLE 



'r 

c ,  the group you &re in (see prercgistraticm b J E f a t )  a 
2, " TITLE PAGE 

a. e putpose - %'wha t  the program does, stated . in 
- 9 s  - m-sdfng - 

- - - - - - - -- -- LA -- - - - - - - --- 
A 



em DO NOT separate the pages- of the printout, 
- -  - -- - 

Make sure yon have checked the study gufde .for teat data -"- _.::-:- - :.- _ 
modifications before beginnfng anyL assignment, 

A 

* -.- 
If you have any difficulty understanding any of these directTom, 

i 

ask the T,A, or the imttuctor a x + a  in- mbre detail.- 4 .  

-- SWFyrm --=& wrry-L- '  -- -------- - 
., - 



point, 





%IF program reads in two A c n d L B , ~  t& arrd -- 

prints out the total. 

Saapfe Input: 

The twb numbers awt be lntlorgers. Timy are fn at tha) 
termindl under the prarpt ?ENTER RJO lRMBEE3 r0 BE AlXSW uLd 
muft be separated by at leaut one blank apace. 

Sample Output: 

The outpu is \ 
- Saaple: 

printed on one liaa of the terriual. 

- PrograbaK Boettlraa€&€f€m em63ds- vT---ttketornaat+-p%8ke+ - -- -->7 -- 

between the lfnas of code, 

9  hey should contain any information for the pr08tlllbr'rsbich 
may be needed to ntpplement w%t I s  shown i n  a& ' war 
ducumx&.ation, arsd in the flaarcb.rt,- A . b 




